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ABSTRACT
The a b i l i t y  o f  w o rk e r s  e xp o se d  c h r o n i c a l l y  t o  l e a d  t o  p e r f o r m  
a number o f  p e r f o r m a n c e  t e s t s  has b een  r e l a t e d  t o  t h e i r  n e u r o p h y s i o l o g i c a l  
and b io c h e m ic a l  c h a n g e s .
A g ro u p  o f  97  w o rk e r s  e xposed  t o  i n o r g a n i c  l e a d  and 109 matched 
c o n t r o l s  w e re  s e l e c t e d  f rom  two b a t t e r y  m a n u fa c tu r in g  p l a n t s .  The 
s t r a t i f i c a t i o n  o f  l a b o u r  in  te rm s  o f  a b i l i t y  and c l e a n l i n e s s  o f  j o b  was 
c o n s i d e r e d  t o  be  m in im a l  i n  th e s e  f a c t o r i e s ;  such s t r a t i f i c a t i o n  
c o u ld  l e a d  t o  a p p a r e n t  d ro p  in  p e r fo rm a n c e  w i t h  i n c r e a s i n g  b l o o d  l e a d  
v a l u e s  i f  l e s s  dem and ing  j o b s  in  te rm s  o f  a b i l i t y  a r e  a s s o c i a t e d  w i th  
i n c r e a s e d  l e a d  e x p o s u r e .
The  e xp osed  an d  c o n t r o l  s u b j e c t s  w ere  t e s t e d  f o r  a d d in g  a b i l i t y ,  
r e a c t i o n  t im e ,  g r i p  s t r e n g t h ,  e n d u ran ce ,  t a p p in g  s p e e d ,  e y e -h a n d  c o ­
o r d i n a t i o n ,  t r e m o r  ami n e r v e  c o n d u c t i o n  v e l o c i t y ;  b lo o d  and u r i n a r y  
l e a d  and a m i n o - l e v u l i n i c  a c i d  i n  u r i n e  w e re  m easu red .  I n f o r m a t i o n  
on  c l i n i c a l  s u b j e c t i v e  symptoms, sm oking and d r i n k i n g  h a b i t s  w a »  a l s o  
o b t a i n e d .
O v e r  a b l o o d  l e a d  r a n g e  o f  13“ 79ug/ lOOm l. no i n d i c a t i o n  o f  a dose  
r e s p o n s e  r e l a t i o n s h i p  in  e x p o se d  and c o n t r o l  g ro u p s  was fou n d  f o r  
p e r fo rm a n c e  t e s t s ,  m otor  n e r v e  c o n d u c t i o n  v e l o c i t y ,  l e a d  and am ino­
l e v u l i n i c  a c i d  i n  u r i n e .
A r e d u ce d  s t a t i s t i c a l l y  s i g n i f i c a n t  m o to r  n e r v e  c o n d u c t i o n  v e l o c i t y  
has b een  found f o r  th e  g ro u p  o f  e x p o se d  w o rk e r s  in  one  f a c t o r y ,  but not 
i n  th e  o t h e r .  The  ch a n ges  o b s e r v e d  i n  m oto r  c o n d u c t i o n  v e l o c i t y  appear 
t o  b e  o f  no s i g n i f i c a n c e  i ’ . te rm s  o f  w o r k e r s '  b i o c h e m ic a l  and 
p e r fo rm a n c e  p a r a m e t e r s .
i'ng ■ ( '  i/
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5 «  INTRODUCTION
Among th e  h eavy  m e t a l s ,  l e a d  i s  p r o b a b ly  th e  most im p o r ta n t  as 
a t o x i c  h a za rd  t o  man: i t  i s  an i n s i d i o u s  e lem e n t  i n  o u r  env ironm ent 
and c a n  ac cu m u la te  i n  t h e  body w i t h  no n o t i c e a b l e  e f f e c t  u n t i l  i t  
p r o d u c e s  a s e r i o u s  l o s s  o f  h e a l t h .
S in c e  a n t i q u i t y ,  l e a d  p o i s o n in g  has b een  known due t o  th e  w id e  
u se  o f  t h e  m e ta l  in  many d i f f e r e n t  i n d u s t r i e s .  Today t h e r e  i s  no
r e a s o n  why f a t a l  o r  v e r y  s e v e r e  l e a d  p o i s o n in g  shou ld  o c c u r  (Newhouse,
1 9 7 6 ) ,  and th e  main c a u s e  o f  c o n c e r n  i s  th e  e f f e c t  o f  s m a l l  q u a n t i t i e s
o f  l e a d  i n  th e  e n v i r o n m e n t  on th e  w h o le  community .
The s tu d y  o f  b e h a v i o u r a l  t o x i c o l g y  has changed t h e  c l a s s i c  v i e w  
o f  l e a d  p o i s o n in g  and e n a b le s  s u b c l i n i c a l  l e a d  p o s o n in g ,  which a c c o r d in g  
t o  W a ld ro n  and S t o f e n  (197^*),  may b e  d e f i n e d  as th e  p r o d u c t i o n  o f  
m o r b i d i t y  o r  m o r t a l i t y  w i th o u t  t h e  a p p ea ran ce  o f  the c l a s s i c a l  s i g n s  
and sym ptons  o f  c l i n i c u l  le a d  p o i s o n i n g ,  t o  be i n v e s t i g a t e d .  b e h a v io u r a l  
t o x i c o l o g y  w h ich  c om b in es  th e  r e s o u r c e s  o f  th e  e x p e r im e n t a l  t o x i c o l o g i s t  
and p s y c h o l o g i s t ,  m easu re s  th e  s u b c l i n i c a l  but p o s s i b l y  s t i l l  d e l e t e r i o u s  
e f f e c t s  o f  l e a d  on t h e  c e n t r a l  and p e r i p h e r a l  n ervou s  s ys tem .
The p r e s e n t  p r o j e c t  on th e  s u b c l i n i c a l  e f f e c t s  o f  i n o r g a n i c  l e a d  
u s e s  th e  t e c h n iq u e s  o f  b e h a v io u r a l  t o x i c o l g y  and was c a r r i e d  o u t  i n  two 
s t a g e s :  f i r s t l y ,  a s t u d y  which  a s s e s s e d  some p e r fo rm a n c e  t e s t s  f o r
d e t e c t i n g  b e h a v i o u r a l  changes  i n  l e a d - e x p o s e d  w o rk e r s ,  and which has 
a l r e a d y  been  r e p o r t e d  (M i lb u r n ,  M i t r a n  and C r o c k f o r d ,  1 9 7 6 ) .  S e c o n d ly ,  
t h e  p r e s e n t  s tu d y  w h ic h  e x ten d ed  th e  number o f  p e r fo rm a n c e  t e s t s  and 
c o r r e l a t e s  t h e i r  r e s u l t s  w i th  n e u r o p h y s i o l o g i c a l  and b io c h e m ic a l  
s t u d i e s .
The p e r fo rm a n c e  t e s t s  used  w e r e  s e l e c t e d  t o  p r o v i d e  s i m i l a r
, f  t e s t s  t o  th o s e  used  by  C h a f f i n  and c o - w o r k e r s  (1973)^ f o rb a t t e r i e s
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t e s t i n g  th e  b e h a v i o u r  o f  w o rk e rs  e xp osed  t o  m e rc u ry *  A q u e s t i o n n a i r e  
was  a l s o  d e s i g n e d  t o  e l i c i t  i n f o r m a t i o n  o f  s u b j e c t i v e  nervQU3 
p s y c h o l o g i c a l ,  v i s u a l  and g a s t r o - i n t e s t i n a l  d i s t u r b a n c e s  a s s o c i a t e d  
w i t h  th e  c l i n i c a l  symptoms o f  i n o r g a n i c  l e a d  p o i s o n i n g .
The n e u r o p h y s i o l o g i c a l  s t u d i e s  p e r fo rm ed  w e r e ,  maximum m oto r  
c o n d u c t i o n  v e l o c i t y  f o r  median and u ln a r  n e r v e s  o f  dom inant hand ,  and 
t h e  p e r c e n t a g e  o f  am p l i tu d e  o f  m u sc le  a c t i o n  p o t e n t i a l  e l b o w / w r i s t .  
T h e  b i o c h e m ic a l  t e s t s  in c lu d e d  b lo o d  l e a d ,  u r i n a r y  l e a d  and ALA.
6 . REASON FOR THIS RESEARCH
Man i s  e x p o s e d  t o  many t o x i c  p o l l u t a n t s  b o t h  a t  work  and in  th e  
g e n e r a l  e n v i ro n m e n ts  one o f  the  most im p o r ta n t  o f  th e s e  p o l l u t a n t s  
i s  l e a d .  T h e r e  i s  c -v idence th a t  th e  c u r r e n t l y  a c c e p t e d  l e v e l s  o f  l e a d  
e x p o s u r e  i n  t h e  l e a d  i n d u s t r i e s  d oes  n o t  p r o d u c e  m o r t a l i t y  (L a n e  e t  a l  , 
19 6 8 ) ,  and t h e  e x p e r i e n c e  o f  i n d u s t r i a l  m e d ic a l  o f f i c e r s ,  management, 
u n io n s  and s h o p - f l o o r  w o rk e rs  p r o v id e s  s u b j e c t i v e  e v i d e n c e  th a t  o t h e r  
a d v e r s e  h e a l t h  e f f e c t s  do n o t  o c c u r .  T h i s  s u b j e c t i v e  e v i d e n c e  i s  
undocum ented ,  and c o u ld  be  f a u l t y  o r  b i a s e d .  N o t  so s u b j e c t i v e ,  
h o w e v e r ,  a r e  t h e  changes  i n  n e r v e  c o n d u c t io n  v e l o c i t y  w h ich  have  b een  
o b s e r v e d  i n  l e a d  w o rk e r s .  I t  i s  im p o r ta n t  t o  r e c o g n i s e  t h a t  c h a n g es  i n  
b o d i l y  f u n c t i o n  o r  b i o c h e m ic a l  p a ra m ete r s  do n o t  n e c e s s a r i l y  r e p r e s e n t  
damage o r  p a t h o l o g i c a l  chan ges  as  th e y  may bo a d a p t i v e  i n  n a tu r e  
(D inman, 1 9 7 2 ) .  I t  i s  ‘ h e r e f o r e  im p o r ta n t  t o  d e t e r m in e  th e  s i g n i f i c a n c e  
o f  changes  i n  p h y s i o l o g i c a l  and b io c h e m ic a l  p a r a m e t e r s  i n  te rm s  o f  th e  
a l t e r e d  p e r f o rm a n c e  o f  s p e c i f i c  t a s k s ,  th e  t a s k s  b e in g  s e l e c t e d  as  
f a r  as  p o s s i b l e  t o  d em o n s tra te  th e  p a r t i c u l a r  i n j u r y  cau s e d  by an 
e n v i r o n m e n t a l  p o l l i ' . ' a n t .
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A l t h o u g h  th e  d e t e r m i n a t i o n  o f  t h e  l e v e l s  o f  e x p o s u re  a t  wh ich  
dam age  t o  h e a l t h  o c c u r s ,  a s  i n d i c a t e d  by d e c r e m e n t s  in  th e  p e r fo rm a n ce  
o f  t a s k s  i s  o f  p r im a r y  im p o r ta n c e ,  i t  i s  a l s o  Im p o r t a n t ,  i n  v i e w  o f  
p u b l i c  c o n c e r n  and p o l l u t i o n  c o n t r o l  p o l i c y ,  t o  d e m o n s t r a te  t h a t  up 
t o  a  c e r t a i n  l e v e l  o f  e n v i r o n m e n ta l  c o n t a m i n a t i o n ,  a p o l l u t a n t  does  
n o t  a f f e c t  i n  any d e t e c t a b l e  way th e  h e a l t h  an d  p e r fo rm a n c e  o f  a d u l t s ,  
n o r  t h e  d e v e lo p m e n t  o f  c h i l d r e n ,  a l t h o u g h  d e t e c t a b l e  a d a p t a t i v e  
b i o c h e m i c a l  and p h y s i o l o g i c a l  changes may be d e m o n s t r a b l e .
C o n s e q u e n t l y ,  i n  t h i s  s tu d y ,  n e g a t i v e  f i n d i n g s  a r e  a s  im p o r ta n t  
a s  p o s i t i v e  o n e s ,  and  an a t t e m p t  w i l l  be made t o  d i s t i n g u i s h  between  
p o t e n t i a l l y  p a t h o l o g i c a l  c h a n ges ,  i f  any c h a n g e s  a r e  fo u n d ,  and 
a d a p t i v e  c h a n g e s .  T h i 3 w i l l  r e q u i r e  v e r y  c a r e f u l  a s s essm en t  o f  th e  
p e r f o r m a n c e ,  p h y s i o l o g i c a l  and b io c h e m ic a l  t e s t 3 , t o  d e t e r m in e  t h e i r  
s e n s i t i v i t y  and r e s o l v i n g  p ow er .  Among trie h e a v y  m e t a l s ,  l e a d  h a 3 
b e e n  s e l e c t e d  f o r  i n v e s t i g a t i o n  as i t  has known e f f e c t s  on th e  n ervou s  
s y s t e m ,  and p ro d u c e s  a  r e d u c t i o n  i n  t h e  c o n d u c t i o n  v e l o c i t i e s  o f  sm a l l  
n e r v e  f i b r e s  b e f o r e  t h e r e  a r e  any c l i n i c a l  s i g n s  o f  l e a d  e x p o s u re  
( S e p p a l a i n e n ,  1 0 7 5 ) .  A number o f  r e c e n t  s t u d i e s  i n d i c a t e  t h a t  w o rk e rs  
w i t h  e l e v a t e d  b lo o d  l e v e l s  show a s l o w in g  o f  m o to r  n e r v e  c o n d u c t io n  
v e l o c i t y  ( S e p p a l a i n e n  and H e rn b e rg ,  1972, Fe ldm an  e t  a l , 1 9 7 7 ) .
T h e s e  c h a n g es  i n  n e r v e  c o n d u c t i o n  v e l o c i t y  c o u l d  a f f e c t  o r  be  
a s s o c i a t e d  w i t h  a l t e r a t i o n s  i n  th e  p e r fo rm a n c e  o f  p sych om oto r  t a s k s  
s u c h  a s  r e a c t i o n  t i m e .  O th e r  w o rk e rs  have  s t u d i e d  p e r fo rm a n c e  
(H e r n b e r g ,  1973 ) and fou n d  i t  t o  be  a f f e c t e d ;  l i k e w i s e  s u b j e c t i v e  
symptoms h a v e  been  s t u d i e d  and found t o  be  a s s o c i a t e d  w i t h  l e a d  
e x p o s u r e .  Many o f  t h e s e  s t u d i e s  have  been  p e r f o r m e d  on  men w i t h  
v e r y  h ig h  b l o o d  l e a d  l e v e l s  o r  a h i s t o r y  o f  l e a d  p o i s o n i n g ,  and
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u n d o u b te d ly  d e c re m en ts  in  w e l l b e i n g ,  p e r fo rm a n c e  and h e a l t h  a r e  t o  
be  e x p e c t e d .  The p rob lem  c o n f r o n t i n g  t h e  r e s e a r c h  w o rk e r  i s  on e  o f  
d e f i n i n g  th e  p o i n t  b e lo w  w h ich  a d v e r s e  chan ges  in  h e a l t h  p e r f o rm a n c e  
and w e l l b e i n g  a r e  u n l i k e l y  t o  o c c u r .
The f i r s t  a s p e c t  t o  be  c o n s id e r e d  i s  w h e th e r  chan ges  i n  a 
m easured  b io c h e m ic a l  o r  p h y s i o l o g i c a l  p a ra m e te r  l i e  w i t h i n  th e  n o rm a l  
r a n g e  m a in ta in e d  by h o m e o s t a t i c  mechanisms o r  n o t  (W a ld ro n ,  1 974 ) , and 
i f  t h e y  d o ,  i s  t h e r e  a more r e s t r i c t e d  ra n g e  beyond  wh ich  t h e r e  may 
be a n  u n d e s i r a b l y  l a r g e  demand on th e  o rga n is m s  a v a i l a b l e  e n e r g y  wh ich  
c o u l d ,  o v e r  a p e r i o d  o f  t im e ,  a f f e c t  i t s  g e n e ra l  w e l l b e i n g  ( Z i e l h u i s ,  
1 9 7 4 ) .  I n  c o n s i d e r i n g  t h i s  p o i n t ,  i t  i s  w e l l  t o  remember th a t  w i t h  
r e g a r d  t o  th e  c a p a c i t y  o f  some p h y s i o l o g i c a l  f u n c t i o n s ,  th e  body has  a 
s u r p lu s  o f  c a p a c i t y ,  e . g .  v e n t i l a t o r y  c a p a c i t y  f o r  e x e r c i s e .  T h e  same 
a p p e a r s  to  be  th e  c a s e  w i th  n e r v e  c o n d u c t i o n  v e l o c i t y  -  changes  i n  
m o to r  n e r v e  c o n d u c t i o n  v e l o c i t y  o f  s i x  m e tre s  p e r  second  o c c u r  n a t u r a l l y  
as  a  r e s u l t  o f  ch an ges  in  n e r v e  t e m p e r a tu r e .  The ra n g e  o f  p e r o n e a l  
m o to r  c o n d u c t io n  v e l o c i t y ,  f o r  e x a m p le ,  found in  th e  20-30  y e a r - o l d  
p o p u l a t i o n  spans  45-55m /sec. and a c h a n g e  o f  s i m i l a r  m agn itude  o c c u r s  
b e tw e e n  th e  a g e s  o f  20 and 60 y e a r s  ( A r c h i b a l d ,  1 97 6 ) .
The r e p o r t e d  d ec rem en ts  o f  abou t 2  m/sec. i n  n e r v e  c o n d u c t i o n  
v e l o c i t y  in  l e a d  w o rk e r s  w ou ld  t h e r e f o r e  appea r  t o  be o f  l i t t l e  
s i g n i f i c a n c e ,  p a r t i c u l a r l y  as  th e  work  o f  S ep p a la in e n  o t  a l  (1 9 7 5 )  
has shown th a t  n e r v e  c o n d u c t io n  v e l o c i t y  rem a in s  s t a b l e  a f t e r  an 
i n i t i a l  d ro p  d u r in g  th e  f i r s t  few  months o f  e x p o s u r e ,  so  i n d i c a t i n g  
t h a t  h o m e o s ta t i c  mechanisms may be i n v o l v e d .  However ,  a s tu d y  o f  
l e a d  w o rk e rs  by  Kopko e t  a l  ( 19 72*) has i n d i c a t e d  t h a t  changes  i n  
p e r f o rm a n c e  do o c c u r  in  p o p u la t i o n s  e x p o s e d  t o  l e a d ,  and th a t  c h a n ges  
can  ' i e  c o r r e l a t e d  w i t h  b l o o d  l e a d  l e v e l s  when th e y  a re  i n  e x c e s s  o f  
70 in icrog ram s/ lO O m l.  o f  b l o o d .  The p ro b le m  w i t h  t h i s  t y p o  o f  s t u d y  i s
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t h a t  s e l e c t i o n  o r  s t r a t i f i c a t i o n  o f  th e  labour f o r c e  may o c c u r  i n  t h e  
f a c t o r i e s ,  t h e  l e s s  a b l e  p e o p l e  f i n d i n g  th e m s e l v e s  d o in g  th e  d i r t i e r ,  
l e s s  d e s i r a b l e  j o b s .  A t  th e  same t i m e ,  t h o s e  who f i n d  th e m s e lv e s  i n  
th e  d i r t i e r  j o b s  may o b s e r v e  l e s s  dem anding s ta n d a r d s  o f  h y g i e n e  
w i t h  a c o n s e q u e n t  i n c r e a s e  o f  b l o o d  l e a d  l e v e l .  T e s t s  o f  p sy ch o m o to r  
p e r fo rm a n c e  on such  p o p u la t i o n s  may t h e r e f o r e  n o t  o n l y  i d e n t i f y  e f f e c t s  
due t o  l e a d  as  such  but j o b  s e l e c t i o n  i n  te rm s  o f  t h e  w o r k e r ' s  a b i l i t y .  
The e f f e c t  o f  s e l e c t i o n  can p o s s i b l y  be  i g n o r e d  a t  h ig h  l e v e l s  o f  b l o o d  
l e a d ,  b u t  a t  ab ou t  t h e  t h r e s h o ld  l e v e l ,  w h e re  e v i d e n c e  i s  b e in g  s o u g h t  
f o r  s e t t i n g  an e n v i r o n m e n t a l  s t a n d a r d ,  i t  becomes o f  c r u c i a l  im p o r t a n c e .  
I t  i s  most i m p o r t a n t  t o  i d e n t i f y  t h e  t r u e  t h r e s h o l d  and n o t  a p seu d o— 
t h r e s  >old  w h ich  i s  a  p r o p e r t y  o f  t h e  e x p o s e d  p o p u l a t i o n .
7 . BACKGROUND TO INORGANIC LiiAD
7*1 G e n e r a l i t i e s  and i t s  u se  in  i n d u s t r y
L ead  o c c u r s  n a t u r a l l y  a s  th e  s u lp h id e  g a l e n a  w h ich  i s  u s u a l l y  
com bined  w i t h  th e  s u l p h i d e s  o f  o t h e r  m e ta l s  such a s :  s i l v e r ,  a r s e n i c ,  
b ism u th  and cadmium.
The l e a d  compounds o b t a in e d  f r o m  g a l e n a  a r e :
-  L i t h a r g e  (P b O )  named " m a s s i c a t " .
-  Hed l e a d  ( P b j 0 4 )  -  th e  h i g h e r  o x i d e  o f  l e a d  c a l l e d  " r in im u m " .
-  W h i t e  l e a d  — b a s i c  c a r b o n a t e  h y d r a t e  (2PbCO-j P b (0 H )2 )
-  L ead  c h r o m a te  and b a s i c  l e a d  ch rom a te  (P bC r04  and Pb0PbCr04)
Lead  a l s o  o c c u r s  n a t u r a l l y  as  c e r u s s i t e  (PbC03> and a n g l e z i t e
( P b S 0 4 ) . M e t a l i c  l e a d  a t  u s u a l  t e m p e r a tu r e  i s  c o v e r e d  by  a f i n e  
l a y e r  o f  l e a d  o x i d e .  I n  G r e a t  B r i t a i n  th e  most im portn - .c  i n o r g a n i c
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f o r m3 o f  l e a d  a r e  th e  o x i d e s  used  f o r  b a t t e r i e s ,  l e a d  c a b l e  s h e a t h in g ,  
s h e e t ,  p i p e  and a l l o y s  o f  v a r i o u s  t y p e s *  O th e r  l e a d  compounds a r e  
used  a s  a d d i t i v e s  i n  g a s o l i n e  and l e a d  p igm en ts  o f  v a r i o u s  t y p e s  in  
th e  m a n u fa c tu re  o f  p l a s t i c s ,  g l a s s e s  and g l a z e s .  The  p a t t e r n  o f  l e a d  
u s a g e  i s  much th e  same in  th e  m a in  i n d u s t r i a l  c o u n t r i e s  and th e  
m e t a l l i c  u s e s  h a v e  ten ded  t o  i n c r e a s e  more than  th o s e  o f  most l e a d  
compounds, e x c e p t  l e a d  a d d i t i v e s  f o r  g a s o l i n e .
The s e v e r i t y  o f  th e  i n o r g a n i c  l e a d  h a za rd  in  th e  v a r i o u s  
p r o c e s s e s  has b een  e s t im a t e d  by l i l k i n s  ( 1 9 5 9 ) .  From th e  r e s u l t  o f  
i n v e s t i g a t i o n s  b y  h i m s e l f  and h i s  a s s o c i a t e s  he c o n s id e r s  t h a t  th e  
most s e v e r e  h a z a r d  o c c u r s  i n  th e  s p r a y i n g  o f  m o l te n  l e a d  and l e a d  
p a i n t ;  i n  t h e  g r i n d i n g  o r  power s a n d in g  o f  l e a d  o r  s o l d e r ;  th e  
p o u r in g  o f  l e a d e d  i r o n  and s t e e l ;  i n  c e r t a i n  o p e r a t i o n s  i -.i s t o r a g e  
b a t t e r y  m a n u fa c tu r e ;  th e  o p e r a t i o n s  o f  w i r e  p a t e n t i n g ;  th e  m ix in g  and 
w e i g h in g  o f  l e a d  p o n d e r s .  Lead  s m e l t i n g  and b u rn in g  a r e  a l s o  s o u rc e s  
o f  h a rm fu l  e x p o s u r e ,  w h i l e  s o l d e r i n g  l e a d  c a s t i n g ,  b rush  p a i n t i n g ,  
l i n o t y p i n g  and s t e e l  t e m p e r in g  a r e  r e g a r d e d  as  r e l a t i v e l y  non -h aza rdou s  
- ( B r o w n i n g ,  19 6 9 ) «
B ecause  t h e  p r e s e n t  s tu d y  had  been  c a r r i e d  o u t  on g ro u p s  o f  
w o rk e r s  e x p o se d  t o  i n o r g a n i c  l e a d  i n  th e  s t o r a g e  b a t t e r i e s  f a c t o r i r e s , 
th e  t y p e  o f  h a z a r d  in v o l v e d  i n  t h i s  i n d u s t r y  w i l l  be  b r i e f l y  d e s c r i b e d .
The  m a n u fa c tu re  o f  e l e c t r i c  s t o r a g e  b a t t e r i e s  may i n v o l v e  a 
s u b s t a n t i a l  l e a d  e x p o s u r e ,  as  has b een  shown by C antarow  and Trumper 
(1 9 4 4 )  and G ib s o n  e t  a l  ( 1 9 6 8 ) .  T h e  e s s e n t i a l  component o f  a 
s t o r a g e  b a t t e r y  i s  a  p l a t e ,  c o n s i s t i n g  o f  a l e a d  g r i d  wh ich  s e r v e s  
t o  h o ld  th e  a c t i v e  l e a d  p e r o x id e  m a t e r i a l  ( p o s i t i v e  p l a t e ) .  Lead  
g r i d s  a r . i  b a l l s  a r e  p r o c e s s e d  in  a  " b a l l  m i l l *1 w i t h  f o r m a t i o n  o f  
a m ix tu r e  o f  l e a d  and l e a d  o x i d e .  The m ix tu r e  i s  m o is te n e d  w i th
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s u l p h u r i c  a c i d  t o  fo rm  th e  p a s t e  wh ich  i s  a p p l i e d  t o  t h e  g r i d s .  A f t e r  
d r y i n g  th e  p l a t e s  a r e  c o n n e c t e d  t o  t h e i r  p r o p e r  p o s i t i o n  i n  weak  
s u l p h u r i c  a c i d .  The  n e g a t i v e  sponge  l e a d  an d  p o s i t i v e  l e a d  p e r o x i d e  
a r e  th e n  fo rm e d  b y  t r a n s m is s i o n  o f  e l e c t r i c  c u r r e n t .  T h i s  p r o c e s s  
i s  c a l l e d  f o r m i n g .  A f t e r  f o r m in g ,  th e  p l a t e s  a r e  a g a in  d r i e d .  A f t e r  
some f i n i s h i n g  o p e r a t i o n s  th e y  a r e  r e a d y  f o r  a s s em b ly .  H e re  t h e  
p l a t e s  a r e  b r o u g h t  t o g e t h e r  in  t h e i r  d e s i r e d  g ro u p s ,  b u rn ed  t o g e t h e r  
and p l a c e d  i n t o  c e l l s .  The b a t t e r y  i s  t h e n  r e a d y  f o r  th e  f i n a l  c h a r g e .
I n  a d d i t i o n  t o  t h e  w o rk e r s  engaged  i n  t h e  m a n u fa c tu r in g  p r o c e s s  
i t s e l f ,  t h e r e  a r e  w o rk e r s  i n  a b a t t e r y  f a c t o r y  who do v a r i o u s  k in d s  
o f  j o b s  such  as  s t o k i n g ,  r e p r o c e s s i n g  w ork  and t r u c k  d r i v i n g .  T h e s e  
w o r k e r s  spend  p a r t  o f  t h e i r  w o rk in g  t im e  i n  th e  l e a d  c o n ta m in a t e d  
e n v i r o n m e n t s  o f  t h e  f a c t o r y .
I t  i s  g e n e r a l l y  a c c e p t e d  th a t  e x p o s u r e  t o  i n o r g a n i c  l e a d  o r  i t s  
compounds can  b e  s a f e  p r o v id e d  th a t  th e  a v e r a g e  c o n c e n t r a t i o n s  i n  
t h e  a i r  i s  k e p t  b e l o w  th e  T h r e s h o ld  L i m i t e d  V a lu e  ( T L V ) .  A t  p r e s e n t
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t h e  recommended l e v e l  i s  0 .1 5  mg/nr f o r  l e a d  and i t ’ s compounds ( e x c e p t  
t e t r a e t h y l  l e a d )  i n  th e  IK S .A .  ( C r i t e r i a  f o r  recommended s ta n d a r d  1 9 7 2 ) .  
S e v e r a l  W e s t e rn  European  c o u n t r i e s ,  i n c l u d i n g  G re a t  B r i t a i n ,  W es t  
Germany and F i n l a n d  h ave  ad o p ted  t h i s  v a l u e .  In  Sweden , a l o w e r i n g  
o f  t h e  TLV t o  0 . 1  mg/in^ i s  under c o n s i d e r a t i o n  (H e r n b e r g ,  1 9 7 3 )*
T h e s e  s t a n d a r d s  a r e  t im e  w e ig h t e d  a v e r a g e  exposures f o r  e i g h t  
h o u rs  a d a y ,  *^0 h o u rs  a w eek ,  f o r  a w o r k in g  l i f e t i m e .  S o c i a l i s t  
c o u n t r i e s  i n  g e n e r a l  h ave  recommended l o w e r  v a l u e s ,  s i n c e  t h e y  b a s e  
t h e i r  s t a n d a r d s  upon o t h e r  norms. Thus t h e  M .A .C .  f o r  t h e  S o v i e t  
U n io n  i s  0 .0 1  mg/m^, t h a t  f o r  Hungary 0 . 0 2  mg/m5 and t h a t  f o r  P o la n d  
and C z e c h o s l o v a k i a  0 .0 5  mg/in5 (H e rn b e r g ,  1 9 7 3 b ) .  Romania has  M .A .C .  
f o r  i n o r g a n i c  l e a d  o f  0 .1  mg/m-^.
A/
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7 .2  Lend i n  th e  G e n e ra l  Env ironm ent
Lead  i s  one  o f  th e  most abundant m e ta l s  known t o  mankind and 
th e  i n d u s t r i a l  p r o d u c t s  c o n t a i n i n g  l e a d  a r e  w i d e l y  d i s t r i b u t e d  in  
t h e  e n v i r o n m e n t .  The  c u r r e n t  w o r ld  con sum p t ion  o f  r e f i n e d  l e a d  i s  
abou t f o u r  m i l l i o n  t o n s / y e a r ,  and has  grown d u r in g  th e  p a s t  decade  
a t  an a v e r a g e  r a t e  o f  3*5  p e r  c e n t / y e a r .
7 . 2 . 1  L ead  i n  S o i l
L ead  i n  s o i l  l e v e l s  depends t o  a g r e a t  e x t e n t  on g e o g r a p h i c a l  
l o c a t i o n  and on th e  u s e s  t o  wh ich  th e  s o i l  has been  s u b j e c t e d ;  no 
s o i l  h o w e v e r ,  h as  b een  found  t o  be  c o m p l e t e l y  f r e e  o f  l e a d .  V i r g i n  
s o i l s  c o n t a i n  t h e  l o w e s t  c o n c e n t r a t i o n  o f  l e a d ,  b u t  th e  r a n g e  i s  . 
w id e  and depen ds  on th e  t y p e  o f  s o i l .  The a v e r a g e  l e a d  c o n t e n t  o f  th e  
e a r t h ' s  c r u s t  i 3 16 p .p .m .  and th e  u s u a l  ra n g e  2-POO p .p .m .  (V . i ld ro n  
and S t o f e n ,  1 9 7 ^ )*  Thompson (1 9 6 9 )  r e p o r t e d  th a t  t h e  h i g h e s t  
c o n c e n t r a t i o n  o f  l e a d  i n  s o i l s  i s  fou n d  n ea r  n a t u r a l  d e p o s i t s  o f  
l e a d  ( 20- 19 ,0 0 0  p . p . m . )  o r  n ea r  s i t e s  where  la a d  has b e e n  used f o r  
i n d u s t r i a l  p u rp o s e s  ( l 7 -i>0 ,175  p . p . m . ) .
T h e re  a p p e a r s  t o  be  a n a t u r a l  mechanism by w h ich  l e a d  ten ds  t o  
be  moved upwards in  th e  e a r t h ' s  c r u s t ,  so  t h a t  a s h a rp  l e a d  p r o f i l e  
w i th  h i g h e r  v a l u e s  a t  th e  s u r f a c e  th an  in  th e  d e e p e r  l a y e r s  i s  
f r e q u e n t l y  f o u n d .  Sw a ine  and M i t c h e l l  ( i 960)  i n  a s tu d y  o f  le ad  
p r o f i l e s  o f  e i g h t  s o i l s  in  S c o t l a n d  fou n d  t h a t  l e a d  c o n t e n t  was 
a p p r o x im a t e l y  h a l v e d  in  g o in g  from  t h e  s u r f a c e  t o  a d e p t h  o f  50 i n c h e s .  
W r ig h t  e t  a l  (1 9 5 5 )  r e p o r t e d  a s i m i l a r  r e s u l t  in  f o u r  v i r g i n  s o i l  g rou ps  
i n  Canada. S o i l s  i n  b o th  s t u d i e s  w o re  from  u n c u l t i v a t e d  a r e a s .
The c o n c e n t r a t i o n  o f  l e a d  i n  th e  s t r e e t  dus t  and s u r f a c e  s o i l  
o f  l a r g e  c i t i e s  i s  e x t r e m e l y  h i g h .  I n  a s tud y  o f  77 m id —w es te rn  
c i t i e s  r a n g in g  i n  p o p u la t i o n  f rom  1 00 ,000  t o  1 ,0 0 0 ,OUO, th e  a v e r a g e  
c o n c e n t r a t i o n s  o f  l e a d  in  d u s t  c o l l e c t e d  from  r e s i d e n t i a l  and
V
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c o m m erc ia l  s i t e s  w e re  1 ,6 3 6  p .p .m .  and 2 ,413  p .p .m .  r e s p e c t i v e l y  -  
( N a t i o n a l  Academ y o f  S c i e n c e s ,  1 9 7 2 ) .  G i u b i l e o  (1 9 5 7 )  fou n d  th e  
c o n c e n t r a t i o n  o f  l e a d  i n  t h e  s t r e e t  d u s t  o f  M i la n  t o  be  1 , 3 6 0 - 2 ,3 6 0  
p .p .m .  i n  c e n t r a l  s t r e e t s ,  and 800 p .p .m .  i n  p e r i p h e r a l  s t r e e t s .
W ald ron  and S t o f e r i  (1 9 7 4 )  c i t e d  S tep h en s  (1 9 7 2 )  who found  t h a t  th e  
h i g h e s t  v a l u e  i n  th e  s t r e e t  d u s t  i n  B irm ingham was > 5 ,0 0 0  p .p .m ;  
a l s o  he fou n d  t h a t  house  d u s t  may c o n t a in  h ig h  l e v e l s  o f  l e a d .
7 . 2 . 2 .  L ead  i n  W ater
The l o w e s t  c o n c e n t r a t i o n  o f  l e a d  i n  w a t e r  o c c u r s  in  s e a  w a t e r  
and v a r i e s  f r o m  0.00008 p .p .m .  t o  0.0 2  p . p . m . ,  w h i l s t  t h a t  o f  f r e s h  
w a t e r  f rom  s t r e a m s  i s  in  th e  r a n g e  o f  0.0 001 p .p .m .  t o  0 .0 0 6  p .p .m .  
(Thompson, 1 9 6 9 ) .  He a l s o  showed th a t  t h e  l e a d  c o n t e n t  i n  d r i n k i n g  
w a te r  r a n g e s  f r o m  0 .0 3  p .p .m .  t o  0 .5  p .p .m .  The ra n g e  o f  l e a d  
c o n c e n t r a t i o n s  i n  d r i n k i n g  w a t e r  a f t e r  i t  had been  a l l o w e d  t o  s tan d  
i n  l e a d  p i p e s  f o r  two d a ys  was fou n d  t o  b e  0 .3 7  t o  0 .9 2  p . p .m .  
due s im p ly  t o  t h e  d i s s o l u t i o n  o f  l e a d  p i p e s  by th e  w a t e r .
In  G r e a t  B r i t a i n  th e  l e a d  c o n t e n t  o f  d r in k in g  w a te r  r a n g e s  f rom
0 .0 1 9  t o  0 .0 2 5  p .p .m .  i n  towns w i t h  a s o f t  w a t e r  s u p p ly ,  and  0 .0 2 3  
t o  0 .0 3 3  p .p .m .  in  towns w i t h  a h a rd  w a t e r  sup p ly  -  (Thom pson ,  1969 ) .
I t  i s  now a p p r e c i a t e d  t h a t  th e  l e a d  c o n c e n t r a t i o n  o f  d o m e s t i c  
w a t e r  s u p p l i e s  can be  s i g n i f i c a n t ,  p a r t i c u l a r l y  i n  s o f t  w a t e r  a r e a s  
where  t h e  p lu m b in g  s y s tem s  o r e  made o f  l e a d ,  e s p e c i a l l y  l e a d  s t o r a g e  
tan ks  f o r  d r i n k i n g  w a t e r .
B e a t t y  e t  a l  (1 9 7 2 )  fou n d  a d i r e c t  c o r r e l a t i o n  b e tw een  th e  l e v e l  
o f  l e a d  i n  t h e  d r i n k i n g  w a t e r  and th e  l e v e l  o f  l e a d  i n  th e  b l o o d  and 
an i n d i r e c t  c o r r e l a t i o n  w i t h  t h e  l e v e l  o r  e r y t h r o c y t e  ALA -  d e h y d r a t a s e  
i n  th e  i n h a b i t a n t s  o f  t h e  h o u s e h o ld e r s  in  th e  G lasgow  a r e a .  T h is
urban s u r v e y  d i d  n o t  d e f i n e  any c l i n i c a l  a b n o rm a l i t y  a t t r i b u t a b l e  t o
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exp o su re  t o  d r i n k i n g  w a t e r  o f  h ig h  l e a d  c o n t e n t ,  t h e r e  was f r a n k  
l e a d  p o i s o n in g  i n  some c a s e s .  The r e c e n t  f i n d i n g s  o f  M e r e d i t h  e t  a l  
( 1 9 7 5 )^ th a t  s o f t  w a te r  i n  c om pa r ison  t o  hard w a t e r  i s  a s s o c i a t e d  w i t h  
an in c r e a s e d  a b s o r p t i o n  o f  l e a d  i n  e x p e r im e n t a l  a n im a ls  i s  a n o th e r  
f a c t o r  wh ich  m u s t  be  t a k e n  in t o  c o n s i d e r a t i o n .
I n  r a i n  w a t e r  the  l e v e l  o f  l e a d  v a r i e s  due t o  d u s t  c o n t a m in a t i o n .  
From sam p les  c o l l e c t e d  n e a r  a busy motorway i n  C i n c i n a t t i ,  l e a d  
v a r i e s  from  0 . 1  t o  0 .^ 9  m g / l i t r e .  S lo w  r a i n f a l l  i s  more e f f e c t i v e  
in  rem o v in g  l e a d  from th e  a tm osphere  and r a i n  w a t e r  c o n t r i b u t e s  
l i t t l e  t o  th e  t o t a l  l e a d  c o n t e n t  o f  t h e  s o i l .  I t  i s  e s t i m a t e d  th a t  ' 
th e  r a i n  f a l l  c o n t r i b u t i o n  i s  o n l y  a b o u t  1 u g .  p e r  c m - r a in  p e r  y e a r ,  
(N a t i o n a l  Academ y o f  S c i e n c e s ,  1 9 7 2 ) .
Thompson ( I9 f>9 )  m en t ion ed  tho  l e v e l s  o f  l e a d  in  snow and r e p o r t e d  
th a t  th o s e  o f  A n t a r t i c  snows w e re  l e s s  than th o s e  fou nd  in  G re en la n d  
by a f a c t o r  g r e a t e r  than  t e n .  I t  i s  now a p p r o x im a t e l y  0 . 2  mg/kg. 
in  th e  r e c e n t  snow .
7 . 2 . 3 .  Lead  i n  a i r
Lead  in  t h e  a tm osphere  i s  g e n e r a t e d  m a in ly  by  p e t r o l  p r o p e l l e d  
v e h i c l e s  and b y  l e a d  i n d u s t r i e s  e s p e c i a l l y  th e  s m e l t i n g  o f  l e a d  o r e s .  
E m is s i o n s t f  l e a d  from s m e l t i n g  i n d u s t r i e s  a r e  s m a l l  i n  c om p a r is o n  
w i t h  th e  e m i s s i o n s  from  b u rn in g  g a s o l i n e .  The i n o r g a n i c  e m is s i o n  
from th e  c o m b u s t io n  o f  l e a d e d  g a s o l i n e  c o n s t i t u t e s  a p p r o x im a t e l y  98#  
o f  t h e  t o t a l  e m i s s i o n  o f  l e a d  from  l i s t e d  s o u r c e s .
The c h i e f  i n o r g a n i c  forms o f  l e a d  p ro d u c ts  i n  th e  a tm o sp h ere  a r e :  
Lead  b r o m o c h l o r i d e  (P b C l  -  B r ) , A lp h a  and B e ta  fo rm s  o f  ammonium 
c h l o r i d e  and l e a d  b r o m o c h lo r id e  (Nil/, C l  2Pb C l  Br 2 NH/,Cl Pb C l  B r )  
l e a d  s u lp h a t e  (P b  SO/,) m ixed  l e a d  o x i d e s  and l e a d  h i i l i d o s .  The 
s o u r c e s  o f  l e a d  e m is s io n s  in t o  th e  a tm osphere  a r e  shown in  T a b l e  1.
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T a b l e  1. L e a d  e m i s s i o n  in  U .S .A .
E m is s io n  S o u r c e Lead e m i t t e d ,  t o n s / y e a r
G a s o l i n e  c o m b u s t io n 18 1,0 0 0
C o a l  c o m b u s t io n 920
F u e l  o i l  c o m b u s t io n 24
L ead  a l k y l  m a n u fa c t u r in g 810
P r im a r y  l e a d  s m e l t i n g 174
S e c o n d a ry  l e a d  s m e l t i n g 8 11
B ra s s  m a n u fa c tu r in g 521
L ead  o x i d e  m a n u fa c t u r in g 20
G a s o l i n e  t r a n s f e r 36
TOTAL 1 84 .316
( f r o m  ' L e a d '  -  Academy o f  S c i e n c e s ,1 9 7 2 )
The o t h e r  s o u r c e s  o f  a tm o s p h e r i c  p o l l u t i o n ,  w h ic h  have  n o t  been  
i n c lu d e d  i n  t h e  a b o v e  t a b l e  a r e :
E x h a u s t in g  workroom  a tm osp h ere .
The a b r a s i v e  a c t i o n  o f  a u t o m o t i v e  t r a f f i c  on l e a d  p a in t e d  l i n e  
d i v i d e r s  on s t r e e t s  and h ig h w a y s .
R e s u s p e n s io n  o f  l e a d  by  h ig h  s p e e d  c a r s .
B u rn in g  o f  l o a d ,  p a in t e d  s u r f a c e s  o f  h o u s es ,  b r i d g e s  and o t h e r  
s t r u c t u r e s  b e f o r e  r e p a i n t i n g .
W e ld in g  o f  l e a d  p a in t e d  s t r u c t u r a l  o r  o t h e r  s t e e l s .
W e a th e r in g  o f  p a in t e d  s u r f a c e s  w i t h  th e  r e s u l t i n g  f l a k i n g  and 
d i s t r i b u t i o n  i n  th e  a tm osphere  o f  a p o r t i o n  o f  th e  l e a d - b e a r i n g  dus t  
I n c i n e r a t i o n  o f  l e a d e d  p l a s t i c s  and o t h e r  m a t e r i a l s  whose 
u s e f u l n e s s  has  ended .
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R e c o v e r y  o f  l e a d  from  o l d  b a t t e r y  c a s e s ,  l e a d  p i p e ,  l e a d  
sh ea th ed  c a b l e  and s h e e t  l e a d  in  s e c o n d a r y  s m e l t e r s «
The w e ld in g  and s o l d e r i n g  o p e r a t i o n s  c on d u c ted  v i a  p lum bing 
and e l e c t r i c a l  r e p a i r  s h o p s .
T l ie  m agn itu d e  o f  th e s e  s o u r c e s  c o u ld  be v e r y  im p o r t a n t ,  b u t  a t  the  
p r e s e n t  i s  unknown (N a t i o n a l  Academy o f  S c i e n c e s ,  1 9 7 2 ) .
7 . 2 . 4 .  Lead  i n  p l a n t s
Lead  may e n t e r  p l a n t s  e i t h e r  by t h e i r  r o o t  s ys tem  o r  th rough  
f o l i a r  u p ta k e .  J lazzaz e t  a l  ( 1 9 7 4 )  fou n d  th a t  l e a d  and cadmium 
i n h i b i t  p h o t o s y n th e s e s  and t r a n s p i r a t i o n  o f  s u n f l o w e r  and c o r n  l e a v e s .
The c o n ta m in a t io n  o f  v e g e t a t i o n  g ro w in g  a l o n g  h igh w ays  d e c r e a s e s  
th e  f u r t h e r  th e y  a r e  from th e  r o a d  (W a rr en ,  1 9 7 4 ) .  T h is  was c o n f i rm e d  
by M o t t o  e t  a l  (V 0 7 t ' )>who s t u d i e d  i' .  ; l e a d  c o n t e n t  o f  f i v e  c r o p s  grown 
i n  t h r e e  f i e l d  a t  v a r y i n g  d i s t a n c e s  from  h igh w a ys .  Those  p l a n t s  
g r o w in g  c l o s e s t  t o  th e  h ig h w a y s  had th e  h i g h e s t  l e a d  c o t a n t .  The 
d i s t r i b u t i o n  o f  l e a d  in  th e s e  p l a n t s  was d i f f e r e n t  from  p l a n t s  grown 
i n s i d e  a g re e n h o u s e  in  le a d e d  s o i l  o r  san d .  The c r o p s  in  t h e  f i e l d  
c o n t a i n e d  most l e a d  i n  th e  a e r i a l  p a r t s  w h i l s t  t h o s e  grown i n  the 
l e a d e d  s o i l s  had most l e a d  i n  t h e  r o o t s .  These  r e s u l t s  i n d i c a t e d  
t h a t  p l a n t s  may t a k e  up l e a d  b o t h  by t h e i r  l e a v e s  and r o o t s ,  but t h a t  
r e l a t i v e l y  l i t t l e  t r a n s l o c a t i o n  ta k e s  p l a c e  w i t h i n  th e  p l a n t ,  a l th ou gh  
M i t c h e l l  and R e i t h  (1 9 6 6 )  d i d  o b s e r v e  th e  t r a n s l o c a t i o n  o f  l e a d  from  
r o o t  t o  s h o o t  in  r y e  g r a s s  d u r i n g  the w i n t e r  i> e r io d .  W a ld ron  and S t o f e n  
( 1 9 7 4 )  have  shown th a t  t r e e s  h a v e  d ou b led  t h e i r  l e a d  in t a k e  in  the 
p a s t  t h i r t y  y e a r s .
P l a n t  s p e c i e s  v a r y  c o n s i d e r a b l y  in  t h e i r  l e a d  c o n t e n t s .  In  G r e a t
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B r i t a i n ,  l e a d  a r s e n a t e  i s  r a r e l y  used  as  an i n s e c t i c i d e ,  and  then  o n l y  
on a p p l e s  and p e a r s ,  w i t h  a  minimum i n t e r v a l  of" s i x  w eeks  b e tw e e n  
a p p l i c a t i o n  and h a r v e s t i n g  o r  on non e d i b l e  c r o p s  (W a ld ro n  and  
S t o f e n ,  197 4 ) .
F o r  v e g e t a t i o n  n e a r  busy h igh w ays  i n  B r i t a i n  th e  e v i d e n c e  d oes  
s u g g e s t  some c o n t a m in a t i o n  by l e a d  d e r i v e d  e i t h e r  d i r e c t l y  f r o m  
e x h a u s t  fumes o r  f r o m  c o n ta m in a t ed  d u s t .  The  e f f e c t  i s  l a r g e l y  one 
o f  s u r f a c e  d e p o s i t i o n  w i t h  th e  o u t e r  l e a v e s  show ing more l e a d  than 
th e  i n n e r  l e a v e s .  Thus f o r  c r o p s  g r o w in g  n e a r  th e  G r e a t  N o r t h  Hoad 
i n  1 9 6 4 , t h e  l e a d  c o n t e n t  ( p .p .m .  o v e n  d r y  m a t e r i a l )  f e l l  f r o m  5*0  a t  
10 y a r d s  t o  1 .0  a t  150  y a r d s  from  th e  h igh w a y  f o r  o u t e r  l e a v e s  and 
f rom  1 . 0  t o  0 . 4  f o r  i n n e r  l e a v e s  (H e p p l e ,  1 9 7 2 ) .
T h e  r a n g e  o f  l e a d  c o n t e n t  i n  d i f f e r e n t  t y p e s  o f  v e g e t a b l e  f o o d  
i s  v e r y  w id e .  K eh o e  (1 9 3 3 )  found t h a t  t h e  r a n g e  o f  c o n c e n t r a t i o n  in  
c e r e a l  was f rom  0 .0 3  t o  0 .3 1  p . p . m . , W arren  and D e l a v a u l t  (1 9 & 2 )  found  
i t  t o  b e  f rom  0 .3  t o  7 .0  p .p .m .  b u t  added t h a t  many o f  th e  s am p les  w e re  
e i t h e r  s u b j e c t e d  t o  l o a d  p o l l u t i o n  o r  w e re  grown i n  s o i l  w i t h  an a b n o rm a l ly  
h ig h  l e a d  c o n t e n t .  I n  v a r i o u s  legum es  l e a d  was found  t o  b e  f rom  0 .0 3  
t o  0 . 3  p .p .m  (K e h o e ,  1 9 3 3 ) .
The  l e a d  c o n t e n t  o f  f r u i t  v a r i e s  w i d e l y  a c c o r d in g  t o  d i f f e r e n t  
a u t h o r s .  Kehoe  e t  a l  (1 9 3 3 )  found  th e  r a n g e  t o  be  0 .0 4  t o  0 . 1 8  p .p .m .  
w h e r e a s  M o n i e r - W i l l i a m s  (1 9 5 0 )  g i v e s  v a l u e s  i n  the  r a n g e  o f  0 . 2  t o  0 .9  
p .p .m .  f o r  v a r i o u s  s o r t s  o f  f r u i t .  T h i s  v a r i a t i o n  m ig h t  p a r t l y  be  
e x p l a i n e d  by  th e  u s e  o f  l o a d  a r s e n a t e  as  an i n s e c t i c i d e .  T h e  f a c t  
t h a t  t h i s  c o n t r i b u t e s  t o  th e  c o n c e n t r a t i o n  o f  l e a d  i n  some f r u i t s  was 
shown b y  Thompson (1 9 6 9 ) ,w h o  found  t h a t  th e  c o r e  and p e e l  o f  a p p l e s
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im p o r t e d  f ro m  A u s t r a l i a  in  1963/64 c o n ta in e d  m ore  l e a d ,  on a v e r a g e  
3 *4 5  p .p .m .  than  t h e  f l e s h ,  0 . 5  p . p . n .  As o th e r  i n s e c t i c i d e s  have 
r e p l a c e d  l e a d  a r s e n a t e s ,  t h e  l e a d  c o n t e n t  o f  a p p l e s  from  A u s t r a l i a  
h a s  d e c r e a s e d  s o  t h a t  i n  1964/65 th e  a v e ra g e  l e a d  c o n t e n t  o f  th e  p e e l  
and  c o r e  was 1 .5 3  p .p .m .  and th a t  o f  th e  f l e s h  0 . 1  p .p . in .  The l e a d  
c o n t e n t  o f  v a r i o u s  v e g e t a b l e  f o o d s  th en  may n o t  b e  s o l e l y  duo t o  
t h e  n a t u r a l  p r e s e n c e  o f  l e a d  i n  t i s s u e s ,  but may d e r i v e  p a r t l y  from  
s u r f a c e  c o n t a m i n a t i o n .
W arren  (1 9 7 4 )  compared th e  l e a d  c o n t e n t  o f  t r e e s  g ro w in g  in  a 
r u r a l  a r e a  o f  S u s s e x  w i t h  th o s e  g ro w in g  in  London  and found th a t  th e  
l o c a l i t y  i n f l u e n c e d  th e  l e a d  c o n t e n t  t o  a g r e a t  e x t e n t ;  th e  t r e e s  
g r o w in g  i n  London c o n t a in e d  o v e r  tw en ty  t im es  m o r e  l e a d  (2 0  p .p .m . )  
t i tan th o s e  g r o w in g  i n  S ussex  ( 0 .8  p . p . m . ) .  Mo a t t r i b u t e d  t h i s  t o  a 
h i g h e r  a t m o s p h e r i c  l e a d  c o n t e n t  i n  London which i n  tu rn  was a t t r i b u t e d  
t o  a g r e a t e r  v o lu m e  o f  t r a f f i c .  Lead  found in  t l i e  v e g e t a b l e  t i s s u e s  
d e r i v e s  f r o m  th e  s o i l  in  wh ich  th e  p l a n t  i s  g r o w i n g  and a l s o  from the  
w a t e r  i t  t a k e s  i n ,  a l s o  p a r t l y  from th e  a tm o s p h e r e  i n  th e  c o u rs e  o f  
r e s p i r a t i o n  and p l f t o s i n t h e s i s , but th e  m a jor  p a r t  o f  th e  l e a d  c o n t e n t  
w h ic h  W arren  f o u n d  i n  London t r e e s  i s  p ro b a b ly  c a u s e d  by c o n ta m in a t io n  
o f  th e  l e a f  and s t e m  s u r f a c e  by  d u s t  and exh au s t  fumes.
8 , LiiAl) Mr.TAlK/LISI,''.
8 .1  D e f i n i t i o n s  o f  l e a d  p o i s o n in g
O c c u p a t i o n a l  e x p o su re  t o  i n o r g a n i c  lo a d  o c c u r s  m a in ly  th rough  
i n h a l a t i o n  o f  d u s t ,  a l th o u g h  i n g e s t i o n  and s k in  a b s o r p t i o n  may a l s o
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p la y  a  s u b s t a n t i a l  r o l e .  The g e n e r a l  p o p u l a t i o n  may be  e x p o s e d  v i a  
a i r ,  w a t e r  and f o o d ,  and sm oking c o u ld  p l a y  an im p o r ta n t  r o l e .
R e g a r d i n g  th e  s t a g e s  o f  l e a d  a b s o r p t i o n ,  a c l e a r  d i s t i n c t i o n  i s  
o f t e n  m ade  b e tw e en  l e a d  a b s o r p t i o n  and l e a d  p o i s o n i n g  (B r o w n in g ,  19 ^ 9 ) •  
I n  l e a d  a b s o r p t i o n  w i t h o u t  any symptoms t h e r e  may b e  a m i ld  a n a e m ia ,  
p u n c t a t e  b a s o p h i l i a  and r e t i c u l o c y t o s i s ,  an i n c r e a s e  i n  l e a d  c o n t e n t  
o f  b l o o d ,  u r in e  and f a e c e s ,  and o f  c o p r o p o r p h y r in s  i n  t h e  u r i n e .
G ib so n  e t  a l  ( I 9 6 0 )  r e f e r s  t o  t h e  d i f f i c u l t y  i n  d e t e r m in in g  a t  what 
p o i n t  a  s t a t e  o f  e x p o s u r e  t o  l e a d  merges  i n t o  a s t a t e  o f  t o x i c i t y .
W a ld r o n  (1 9 7 1 )  d e f i n e s  l e a d  a b s o r p t i o n  a s  th e  u p ta k e  o f  l e a d  b y  
th e  s u b j e c t  f rom  h i s  e n v i r o n m e n t  by any r o u t e  and l e a d  i n t o x i c a t i o n  
( p h a r m a c o l o g i c a l  o r  c h e m ic a l )  a s  e v id e n c e  t h a t  a b s o rb e d  l e a d  i s  
i n t e r f e r i n g  ¡rfith some m e t a b o l i c  p r o c e s s  i n  t h e  b o d y .  T h i s  a p p e a r s  t o  
make a b s o r p t i o n  i d e n t i c a l  w i t h  i n t o x i c a t i  n i n  th e  l i g h t  o f  e v i d e n c e  
o f  i n t e r f e r e n c e  w i t h  haem m e ta b o l is m  by v e r y  s m a l l  amounts o f  a b s o rb e d  
l e a d .  A s  i t  i s  no  l o n g e r  p o s s i b l e  t o  m a in t a in  a c l e a r  d i v i s i o n  b e tw een  
a b s o r p t i o n  and p o i s o n i n g  i t  m igh t  be  b e t t e r  t o  abandon th o  e f f o r t .
T h e  use  o f  b i o c h e m ic a l  t e s t s  has s h i f t e d  th e  d i a g n o s t i c  e m p h a s is  in  
such a  way th a t  i t  m igh t b e  p r e f e r a b l e  t o  t a l k  o f  l e a d  i n  t e rm s  o f  i t s  
c h e m i c a l  t o x i c i t y  w i t h o u t  symptoms, and i t s  c h e m ic a l  t o x i c i t y  w i t h  
sym ptom s -  th e  o n e  m e rg in g  i n t o  th e  o th e r  as  a c o n t in u o u s  p r o c e s s  
(M c C a l lu m ,  1 9 7 2 ) .
A t  an I n t e r n a t i o n a l  m e e t in g  on the  T o x i c o l o g y  o f  M e t a l s  (N o r d b e r g ,  
19 7 6 )  , a  new c o n c e p tu a l  c o n s i d e r a t i o n  on h e a v y  m e ta l s  has b een  
s u g g e s t e d  such a s :  c r i t i c a l  o r g a n ,  c r i t i c a l  c o n c e n t r a t i o n  i n  c e l l s  and
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o rg a n s ^  c r i t i c a l  e f f e c t f d os e —e f f e c t  and d o s e - r e s p o n s e  r e l a t i o n s h i p »  
T h e  f o l l o w i n g  i s  a b r i e f  r e v i e w  o f  t h e s e  c o n c e p t s *
C r i t i c a l  O rgan  i s  d e f i n e d  as t h a t  p a r t i c u l a r  o rga n  which  f i r s t  
a t t a i n s  th e  c r i t i c a l  c o n c e n t r a t i o n  o f  a  m e ta l  under s p e c i f i e d  
c i r c u m s t a n c e s  o f  e x p o s u r e  and f o r  a g i v e n  p o p u la t i o n .  The o rgan  o f  
g r e a t e s t  a c c u m u la t i o n  i s  n o t  n e c e s s a r i l y  th e  c r i t i c a l  o rgan  e . g .  i n  
t h e  l e a d  e x p o s u r e  th e  h i g h e s t  c o n c e n t r a t i o n s  may be reached  i n  bone 
w i t h o u t  any  i d e n t i f i a b l e  e f f e c t ;  t h e  b on e  i s  t h e r e f o r e  n o t  the  
c r i t i c a l  o r g a n .
C r i t i c a l  C o n c e n t r a t i o n  f o r  a c e l l  i s  th e  c o n c e n t r a t i o n  a t  w h ic h  
u n d e s i r a b l e  f u n c t i o n a l  chan ges  r e v e r s i b l e  o r  i r r e v e r s i b l e  o c c u r .
T h e  l e t h a l  c o n c e n t r a t i o n  f o r  a c e l l  was d e f i n e d  as  th e  c e l l u l a r  
c o n c e n t r a t i o n  s u f f i c i e n t  t o  cause t h e  d e a th  o f  th e  c e l l .
C r i t i c a l  O rgan  C o n c e n t r a t i o n  was u e f i n e d  as  th e  mean 
c o n c e n t r a t i o n  i n  t h e  o r g a n  a t  th e  t im e  any  o f  i t s  c e l l s  r e a d i e s  
c r i t i c a l  c o n c e n t r a t i o n .  The c r i t i c a l  o r g a n  c o n c e n t r a t i o n  may be 
c o n s i d e r a b l y  h i g h e r  o r  l o w e r  than t h e  c r i t i c a l  c o n c e n t r a t i o n  f o r  a  
p a r t i c u l a r  c e l l .  T h i s  i s  p o s s i b l e  s i n c e  th e  t y p e  o f  c e l l  t h a t  f i r s t ,  
a t t a i n s  th e  c r i t i c a l  c o n c e n t r a t i o n  i s  n o t  n e c e s s a r i l y  th e  t y p e  o f  c e l l  
w i t h  t h e  h i g h e s t  c o n c e n t r a t i o n .
S in c e  t h e r e  e x i s t  b i o l o g i c a l  v a r i a t i o n  i n  s e n s i t i v i t y  among 
i n d i v i d u a l s , a c e r t a i n  i n t e r  i n d i v i d u a l  v a r ia t i o n  i s  t o  be e x p e c t e d  
a l s o  i n  c r i t i c a l  o r g a n  c o n c e n t r a t i o n s .
The c r i t i c a l  o r g a n  c o n c e n t r a t i o n  may even  be s u b j e c t  t o  
v a r i a t i o n  b o th  i n  an i n d i v i d u a l  and i n  a  p o p u la t i o n .
C r i t i c a l  e f f e c t  i s  c on n ec ted  w i t h  t h e  c r i t i c a l  o r g a n ,  th e  o r g a n  
t h a t  b ecom es  c r i t i c a l  may v a r y  d e p e n d in g  on th e  c h a r a c t e r i s t i c s  o f  th e
p o p u la t i o n  e x p o s e d .  T h e r e  i s  some e v i d e n c e  t h a t  i n  c h i l d r e n  exp o sed  
t o  l e a d ,  t h e  b r a i n  may b e  th e  c r i t i c a l  o r g a n ,  w h e reas  t h i s  i s  n o t  
n e c e s s a r i l y  th e  c a s e  f o r  a d u l t s .
S o ,  th e  j>o in t  a t  w h ic h  an a d v e r s e  e f f e c t  i s  p r e s e n t ,  th e  
r e l a t i o n s h i p  b e tw een  d o s e  and e f f e c t s  in  th e  i n d i v i d u a l ,  r e p r e s e n t  
th e  c r i t i c a l  e f f e c t .  T h i s  c r i t i c a l  e f f e c t  may o r  may n o t  be  o f  
im m ed ia te  im p o r ta n c e  f o r  th e  h e a l t h  o f  t h e  w h o le  o r g a n is m .
S u b c r i t i c a l  e f f e c t s  a r e  d e f i n e d  as th e  e xp o su re  l e v e l  t h a t  i s  
l o w e r  than  th e  one  g i v i n g  c r i t i c a l  c o n c e n t r a t i o n  o f  m e ta l  i n  th e  
c r i t i c a l  o r g a n .  Some e f f e c t s  m ig h t  o ccu r  t h a t  do n o t  im p a i r  c e l l u l a r  
f u n c t i o n  bu t a r e  s t i l l  e v i d e n t  b y  means o f  b i o c h e m ic a l  o r  o t h e r  t e s t s .
In  l e a d  e x p o s u r e ,  i n h i b i t i o n  o f  t h e  onz im e  a m i n o - l e v u l i n i c  a c i d -  
d e h i d r a t a s e  (ALA -D ) i n  th e  c e l l s  o f  bone-m arrow  i s  a s u b o r i t i c a l  e f f e c t  
w h ich  p r e c e d e s  an i n c r e a s e d  l e v e l  o f  ALA i n  b l o o d  .and u r i n e  and th e  
o c c u r e n c e  o f  anaem ia ( c r i t i c a l  e f f e c t s ) .  A d e c r e a s e  i n  ALA-1) a c t i v i t y  
i n  b l o o d  i s  an exam p le  o f  an i n d i c a t o r  o f  a  s u b c r i t i c a l  e f f e c t  o f  
1 ead e x p o s u r e .
The term  ' e f f e c t *  i s  used t o  mean a b i o l o g i c a l  chan ge  Ciiused by 
an e x p o s u r e .  T h i s  e f f e c t  can b e  measured on a g ra d e d  s c a l e  o f  s e v e r i t y ,  
a l t h o u g h  a t  o t h e r  t im e s  one may o n l y  be a b l e  t o  d e s c r i b e  a q u a l i t a t i v e  
e f f e c t  t h a t  o c c u r s  w i t h i n  some r a n g e  o f  e x p o s u re  l e v e l s .  When a g ra d e d  
e f f e c t  t a k e s  p l a c e  a r e l a t i o n s h i p  b etween  d os e  and th e  g r a d a t i o n  o f  the  
e f f e c t  c o u ld  be  e s t a b l i s h e d .  T h e  d o s e - e f f e c t  r e l a t i o n s h i p  i s  th e  
r e l a t i o n s h i p  b e tw een  l e a d  c o n c e n t r a t i o n  i n  i n d u s t r i a l  a i r  and th e  
c o n c e n t r a t i o n  o f  ALA i n  u r in e  sam p les  f r o m  w o rk e r s .
The term  ' r e s p o n s e '  i s  u sed  t o  mean ‘ ho p r o p o r t i o n  o f  a  p o p u la t i o n
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t h a t  d e m o n s t r a t e  a  s p e c i f i c  e f f e c t ,  and i t s  c o r r e l a t i o n  w i t h  
e s t i m a t i o n s  o f  d o s e  p r o v i d e s  t h e  d o s e - r e s p o n s e  r e l a t i o n s h i p .
E xam p le :  a d o s e - r e s p o n s e  r e l a t i o n s h i p  m ig h t  com pare d i f f e r e n t  l e a d
c o n c e n t r a t i o n s  i n  i n d u s t r i a l  a i r  w i t h  th e  p e r c e n t  o f  th e  e x p o se d  
w o r k e r s  t h a t  h a v e  g r e a t e r  th a n  5 mg. ALA/ l u r i n e .
The te rm  ' d o s e '  i s  u sed  t o  d e f i n e  th e  amount o r  c o n c e n t r a t i o n  
o f  a  g i v e n  c h e m ic a l  a t  th e  s i t e  where  i t ' s  p r e s e n c e  l e a d s  t o  a g i v e n  
e f f e c t .  When th e  te rm  ' d o s e '  m ean ing "amount a d m in i s t e r e d  t o . . "  i s  
u s e d  i t  s h o u ld  be  s p e c i f i e d  as  " a d m i n i s t e r e d  d o s e " ,  " o r a l  d o s e " ,
" i n j e c t e d  d o s e "  e t c .
T h e r e  a r e  some d i f f i c u l t i e s  i n  th e  e s t i m a t i o n  o f  d o s e  f o r  l e a d :  
f o r  e x a m p le ,  b l o o d  c o n c e n t r a t i o n  i s  som et im es  ta k e n  as a m easure  o f
t h e  d o s e  i n  s p i t e  o f  the  a b s e n c e  o f  a d e q u a te  k n o w led ge  ns t o  th e  1 .
r e l a t i o n s h i p  b e tw e en  t.he b l o o d  c o n c e n t r a t i o n  and th e  e x p o s u r e  o r  th e  
b l o o d  c o n c e n t r a t i o n  and th e  c o n c e n t r a t i o n s  i n  c r i t i c a l  o r g a n s .
8 . 2  A b s o r p t i o n  o f  Lead
8 . 2 . 1 .  A b s o r p t i o n  by  i n h a l a t i o n
A b s o r p t i o n  by  i n h a l a t i o n  i s  i n f l u e n c e d  by t h r e e  p r o c e s s e s  in  
t h e  lu n g :
d e p o s i t i o n
m u c o c i l i a r y  c l e a r a n c e  
a l v e o l a r  c l e a r a n c e
A f t e r  d e p o s i t i o n  i n  the  n a s o p h a r y n g e a l  t r a c h e o b r o n c h i a l  o r  a l v e o l a r
t r a c t ,  l e a d  im»y t r a n s i> o r t e d  by  th e  i n t e s t i n a l  t r a c t  o r  a b s o rb e d  i
i n t o  th e  b l o o d .  •
The f r a c t i o n  d e p o s i t e d  i n  t h e  n o n a l v e o l a r  com partm en ts  o f  th e  lung
f l M M i
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p a r t i c i p a t e s  m a in ly  i n  the  f i r s t - n a m e d  t y p e  o f  t r a n s l o c a t i o n .  The 
p o r t i o n  d e p o s i t e d  i n  th e  a l v e o l a r  com partm en t i s  more l i k e l y  t o  be 
a b s o r b e d ,  b u t  may t a k e  d i f f e r e n t  r o u t e s .  D e p o s i t i o n  o f  p a r t i c l e s  
i n  t h e  a l v e o l a r  and t r a c h e o b r o n c h ia l  — n a s o p h a r y n g e a l  com partm en ts  
o f  t h e  lu n g  was c o n s id e r e d  t o  be  d e p e n d e n t  on the  p h y s i c a l  
c h a r a c t e r i s t i c s  o f  t h e  a e r o s o l  (such  a s  s i z e ,  shape  and d e n s i t y  o f  
th e  p a r t i c l e s  and a l s o  on th e  p a r a m e t e r s  o f  r e s p i r a t i o n  -  n o se  o r  
o o i i th  b r e a t h i n g  t i d a l  vo lume and r e s p i r a t o r y  r a t e )  .
The  s i z e  o f  th e  p a r t i c l e s  w i l l  d e t e r m in e  th e  f r a c t i o n  w h ich  i s  
d e p o s i t e d  i n  th e  lu n g .  P e r c e n t a g e  d e p o s i  t i o n  i n c r e a s e s  w i t h  th e  
p a r t i c l e  s i z e  f rom  a minimum o f  25 p e r  c e n t  f o r  p a r t i c l e s  a p p r o x im a t e l y
D e p o s i t i o n  o f  i n h a l e d  p a r t i c l e s  w i l l  a l s o  v a r y  w i t h  i n c r e a s e d  
r a t e s  o f  i n h a l a t i o n .  Minimum d e p o s i t i o n  o ccu rs  a t  a r e s p i r a t o r y  r a t e  
o f  a b o u t  15-2<j/minute.  A t  lo w e r  r a t e s ,  t h e r e  i s  an in c r e a s e d  
p r o b a b i l i t y  o f  p a r t i c l e s  s e t t l i n g  ou t  b y  g r a v i t y  and d i f f u s i o n  o f  
p a r t i c l e s  i n c r e a s e s  p r o p o r t i o n a t e l y  w i t h  th e  i n c r e a s e  o f  t r a n s i t  t im e  
o f  t h e  d u s t  l a d e n  a i r  in  and ou t  o f  t h e  lu n gs .  A t  i n c r e a s e d  r a t e s  o f  
r e s p i r a t i o n ,  c o a r s e  p a r t i c l e s  a r e  d e p o s i t e d  in  g r e a t e r  q u a n t i t y  because  
th e  f o r c e  o f  d e p o s i t i o n  r i s e s  w i th  th e  in c r e a s e  i n  a i r  v e l o c i t y  (W a ld ron  
and S t o f e n ,  197^*).
The l e a d  d e p o s i t e d  in  th e  a l v e o l a r  compartment w i l l  be  c l e a r e d  from 
t h i s  com partm en t by  ( 1 ) t r a n s p o r t  o n t o  th e  m u c o c i l i a r y  e s c a l a t o r  and 
th e n c e  i n t o  t h e  g a s t r o —i n t e s t i n a l  t r a c t  ( 2 )  d e p o s i t i o n  f o r  a  lo n g  t im e
maximum o f  a l m o s t  loO p e r  c e n t  f o r  p a r t i c l e s
t .I
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i n  th e  p u lm o n a ry  t i s s u e s  and ( 3 )  p a s s a g e  th ro u gh  t h e  pu lm on ary  t i s s u e  
i n t o  lymph and b l o o d .
B . 2 . 2 .  A b s o r p t i o n  by  I n g e s t i o n
A b s o r p t i o n  o f  l e a d  compounds a f t e r  i n g e s t i o n  v i a  f o o d  and 
b e v e r a g e s  i s  a m a jo r  s o u r c e  o f  e x p o s u r e ,  b u t  a s u b s t a n t i a l  p a r t  o f  
m e t a l s  i n  p a r t i c l e  fo rm  d e p o s i t e d  i n  th e  lu n g  may b e  t r a n s f e r r e d  t o  
t h e  g a s t r o - i n t e s t i n a l  t r a c t  b y  m u c o c i l i a r y  c l e a r a n c e .  F o r t y  p e r  c e n t  
o f  i n h a l e d  l e a d  o f  l a r g e  d i a m e t e r  w h ich  i s  t r a p p e d  in  th e  u p p e r  
r e s p i r a t o r y  t r a c t  may be s w a l l o w e d  (K eh o e ,  i 960 ) .
I n  t h e  T o x i c o l o g y  o f  M e t a l s  (N o r d b e r g ,  1 9 7 6 ) ,  i t  was c o n c lu d e d  
t h a t  th e  g a s t r o - i n t e s t i n a l  a b s o r p t i o n  o f  l e a d  compounds i n  a d u l t  human 
b e i n g s  i s  b e tw e en  5% and 15Vo• T h i s  f i g u r e  may be  g r e a t l y  a l t e r e d  by  
com p o n en ts  i n  th e  d i e t ,  a g e ,  and w h e th e r  th e  s u b j e c t  i n g e s t i n g  l e a d  in  
i n  f a s t i n g  s t a t e  o r  n o t .  The a b s o r p t i o n  o f  l e a d  was shown t o  be as  
h i g h  as  50 ;£ i n  f a s t i n g  human s u b j e c t s ,  w h i l e  in  n o n - f a s t i n g  s u b j e c t s  
i t  was 6?£ t o  l4?i ( W e t h e r i l l  e t  a l ,  1 9 7 4 ) .
I t  i s  p r o b a b l e  t h a t  un der  norm al c o n d i t i o n s  n o t  more th a n  f i v e  
t o  t e n  p e r  c e n t  o f  i n g e s t e d  l e a d  i s  a b s o rb e d  from  th e  g u t  (K e h o e  e t  a l , 
19 6 4 ) .  I n  e x c e p t i o n a l  c a s e s  f i g u r e s  i n  e x c e s s  o f  t h i s  have  been  
q u o te d  -  f o r  e x a m p le ,  40 p e r  o e n t  found  by  Imamura (1 9 5 7 ) »
I n  man th e  g e n e r a l l y  a c c e p t e d  q u o t i e n t  o f  i n t e s t i n a l  a b s o r p t i o n  
i s  O .08  i n  a d u l t s  a l t h o u g h  t h i s  a v e r a g e  f i g u r e  c o n c e a l s  w id e  
i n d i v i d u a l  v a r i a t i o n s  (W a ld ro n  and S t o f e n ,  1 9 7 4 ) »
The  mechanism w h e re b y  l e a d  i s  t r a n s p o r t e d  a c r o s s  th e  g u t  mucosa 
h as  n o t  b e e n  w o rk ed  o u t ,  b u t  a number o f  f a c t o r s  a r e  known t o  i n f l u e n c e  
l e a d  u p t a k e ,  i n  p a r t i c u l a r  th o  amount o f  c a l c iu m  and p h o s p h a te  i n  t h e
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d i e t .  S h i e l d s  and M i t c h e l l  (1 9 4 1 )  showed th a t  th e  c o n c e n t r a t i o n  o f  
l e a d  in  th e  s o f t  t i s s u e s  was in c r e a s e d  by l o w e r in g  th e  amounts o f  
c a l c iu m  and p hosph a te  i n  t h e  d i e t ,  e i t h e r  s e p a r a t e l y  o r  t o g e t h e r .
S o b e l  e t  a l  (1 9 3 8 )  showed t h a t  c a lc iu m  re d u ce s  l e a d  a b s o r p t i o n  f rom  
th e  g u t  by  c o m p e t in g  f o r  b i n d i n g  s i t e s  on mucosal c e l l s ,  th e  e f f e c t  
b e in g  an exam p le  o f  c o m p e t i t i v e  i n h i b i t i o n .  An a c t i v e  t r a n s p o r t  
s ys tem  may be i n v o l v e d  h o w e v e r ,  p erhaps  go v e rn ed  in  p a r t  by th e  i n f l u e n c e  
o f  v i t a m i n  D; th e  p r e s e n c e  o f  v i t a m in  D in  th e  d i e t  i n c r e a s e d  th e  
c o n c e n t r a t i o n  o f  l e a d  i n  t h e  b lo o d  and th e  fem ur.  K o s t i a l  e t  a l  ( 1 9 7 1 ) 
g a ve  an a l t e r n a t i v e  h y p o t h e s i s  -  t h a t  th e  p r e s e n c e  o f  h i g h  c o n c e n t r a t i o n s  
o f  pHo3phate  in  t h e * d i o t  l o a d s  to  th e  ' f o r m a t i o n  o f  i n s o l u b l e  l e a d  
p h o sp h a te .
0 . 2 . 3 «  A b s o r p t i o n  b y  j : k i n
Lead  can e n t e r  th e  body o c c a s i o n a l l y  th rou gh  the  s l c in ,  but f o r  
i n o r g a n i c  l o a d  compounds t h i s  way o f  a b s o r p t i o n  i s  o f  no  p r a c t i c a l  
s i g n i f i c a n c e .  I f  th e  i n o r g a n i c  l e a d  s a l t s  a r e  suspended on a l i p i d  
medium as  i n  th e  c a s e  o f  c o s m e t i c s  and p a in t s  i t  i s  p o s s i b l e  t o  g e n e r a t e  
l o a d  p o i s o n in g  th rou gh  a b s o r p t i o n  by  th e  s k in  (C a n t ra r o w  and Trumper^1944) •
8 .3  T r a n s p o r t  and D e p o s i t i o n
C e r t a i n  amounts o f  l e a d  nay he p r e s e n t  in  the  b l o o d  and t i s s u e s  o f  
normal i n d i v i d u a l s  who have  n o t  been  exposed  t o  unusual q u a n t i t i e s  o f  
l e a d .  A l th o u g h  l e a d  i s  n o t  an e s s e n t i a l  c o n s t i t u e n t  o f  t h e  b od y ,  th e  
a v e r a g e  i n d i v i d u a l  i n  t h e  community  c o n t i n u a l l y  i n g e s t s  o r  i n h a l e s  sm a ll  
amounts o f  l e a d .  The t r a n s f e r  o f  l e a d  from  th e  e x t e r n a l  t o  th e  i n t e r n a l  
e n v i ro n m e n t  i s  p o o r l y  u n d e r s t o o d  bu t  c o n s id e r a b l e  body o f  d a ta  c o n c e r n in g  
t h i s  t r a n s p o r t  i s  i n  b l o o d .
8 . 3 . I .  L o-u  in  B lood
Lead  i n  human b l o o d  i s  a s s o c i a t e d  p red o m in a n t ly  w i t h  th e
J
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e r y t h r o c y t e s ,  some i s  p r e s e n t  i n  t h e  p lasma p r o t e i n  and a  s m a l l  amount 
i s  in  a f r e e  i o n i z e d  f o r m .  I n  o n e  s tu d y  o f  t h e  d i s t r i b u t i o n  o f  l e a d  i n  
b l o o d ,  t h e  c o n e . . e n t r a t i o n  i n  e r y t h r o c y t e s  was a p p r o x i m a t e l y  l 6 t im e s  
g r e a t e r  t h a n  th e  c o n c e n t r a t i o n  i n  serum (B u t t  e t  a l , 1 9 6 4 ) .  A n a l y t i c  
d a t a  a r e  u s u a l l y  r e p o r t e r  as  m ic ro g ra m s  p e r  lOO m l .  o f  w h o le  b l o o d  o r  
m ic ro g ra m s  p e r  lOO g .  o f  w h o le  b l o o d .  O b v i o u s l y ,  some s e r i o u s  e r r o r s  
o f  i n t e r p r e t a t i o n  can  r e s u l t  f rom  c om pa r in g  w h o l e - b l o o d  c o n c e n t r a t i o n s  
i n  p e o p l e  w i t h  lo w  h a e m a t o c r i t  v a l u e s  w i t h  th o s e  i n  p e o p l e  w i t h  norm al 
h a e m a t r o c i t  v a l u e s .
The  l e a d  i n  th e  b l o o d  i s  i n  t h e  dynamic e q u i l i b r i u m  b e tw e en  th e  
p lasm a an 3  th e  r e d  c e l l s ,  so  th & t  l e a d  i s  g i v e n  up f rom  th e  c e l l s  a 3 
th e  p la s m a  c o n c e n t r a t i o n  f a l l s .
The s p e e d  o f  u p ta k e  by the  c e l l o  i s  v e r y  r a p i d  and shows s i m i l a r  
c h a r a c t e r i s t i c s  b o th  " i n  v i t r o "  an d  " i n  v i v o " .  The  v a l i d i t y  o f  " i n  
v i t r o "  s t u d i e s  i s  q u e s t i o n a b l e  b e c a u s e  l e a d  " i n  v i t r o "  can  b e  rem oved  
by  d i a l y s i s  w i th  liUTA ( e t h y l e n e d i a m i n t e t r a - a c e t i c  a c i d )  f o r  24 h o u rs ,  
w h e reas  l e a d  o r i g i n a l l y  in  t h e  c e l l s  i s  n o t  a f f e c t e d .  T h i s  i n d i c a t e s  
t h a t  l e a d  n o r m a l l y  a s s o c i a t e d  w i t h  e r y t h r o c y t e s  i s  o n l y  s l o w l y  
e x c h a n g e a b l e  w i t h  l e a d  in  p lasm a (C l a r k s o n  and K en ch ,  1 9 5 8 ) .
W a ta n a b e  and Yana (1 95 3 )  r e p o r t e d  t h a t  t h e  s i t e s  o f  b in d in g  t o  
th e  r e d  c e l l s  a r e  fou n d  on th e  c e l l  membrane w h ic h  has a p a r t i c u l a r  
a f f i n i t y  f o r  l e a d .  Jung (1 9 4 ? )  p o s t u l a t e d  th a t  l e n d  i s  p r o b a b l y  bound 
t o  t h e  l i p i d s  and l i p  p r o t e i n s  i n  th e  c e l l  membrane and C la r k s o n  and 
Kench ( 1 9 5 8 )  m en t ion ed  th a t  l e a d  i s  bound t o  th e  r e d  c e l l s  as  a 
p e p t i z e d  l e a d  p h o s p h a te  s o l u t i o n  w h ich  th e n  a g g r e g a t e s  t o  f o rm  a 
m osa ic  o n  t h e  in n e r  s u r f a c e  o f  t h e  membrane.
L ead  has  a f f i n i t y  t o w a rd s  s u l p h y d r i l  ( - S H )  g rou ps  e s p e c i a l l y  
d i - t h i o l  g ro u p s  and i s  one  o f  th e  most a c t i v e  o f  t h e  h ea vy  in e ta ls  i n  
t h i s  r e s p e c t .  Passow e t  a l  (1961 ) s u g g e s t e d  th a t  in  th e  p r e s e n c e  o f  
l e a d  a s e r i e s  o f  r e a c t i o n s  t a k e s  p l a c e  on t h e  membrane i . e .  S -S  B r id g e  
b r e a k s  open  t o  g i v e  S -  Pb c om p lex ,  a f t e r  w h ic h  S -Pb -S  com p lex  i s  
s l o w l y  f o r m e d .  The same s tu d y  showed t h a t  i n  th e  p lasma l e a d  i s  hound 
t o  t h e  p lasm a p r o t e i n s  and i t  may com bine  w i t h  l i g a n d s  which  c o n t a in  
S , N, o r  O as  e l e c t r o n  d o n o r s ;  i t  b in d s  t o  amino a c i d s  a l th o u g h  l e s s  
a v i d l y  th a n  t h e  -Sll  g r o u p s .  S t o v e r  (1 9 5 9 )  r e p o r t e d  from  her  e x p e r im e n t s  
t h a t  l e a d  r a p i d l y  t r a n s f e r r e d  to  th e  e x t r a - v a s c u l a r  space  as th e  
p lasm a l e v e l  d e c l i n e d  and t h a t  t h e r e  i s  a dynam ic  e q u i l i b r i u m  between  
r e d  c e l l  and p lasm a l e a d  on th e  one  hand and e x t r a  c e l l u l a r  and i n t r a  
c e l l u l a r  l e a d  on the o t h e r .  I t  i s  l i k e l y  t o  be  th e  i o n i c  f r a c t i o n  o f  
t h e  p lasm a l e a d  whicli i s  t r a n s p o r t a b l e  t o  o t h e r  body com partm ents .
Hursh and Suom ela  ( 1968 )  p o s t u l a t e d  th a t  r e l e a s e  o f  l e a d  from  the 
r e d  c e l l s  may be  r e l a t i v e l y  s low  and i t  may happen on th e  d ea th  o f  t h e  
r e d  c e l l s .  U a l t r o p  and Sm ith  (1 97 1 )  w o r k in g  w i th  r e d  c e l l  h e m o ly s a t e s  
h a v e  shown t h a t  h a e m o lg lo b in  lias a  g r e a t e r  a f f i n i t y  f o r  l e a d  than th e  
e r y t h r o c y t e s  strorna o r  membrane. C o n t in u in g  t h e i r  r e s e a r c h  j i n  1975 y 
t h e y  r e p o r t e d  t h a t  the  f i r s t  s t e p  c o u ld  be  a  c o m b in a t io n  o f  l e a d  a t  t h e  
r e d  c e l l  s u r f a c e  w i th  subsequ en t  t r a n s f e r  t l i r ou gh  th e  membrane to  
com bine  w i t h  h a e m o g lo b in .  A l t e r n a t i v e l y ,  t h e r e  c o u ld  b e  b in d in g  t o  t h e  
i n t r a c e l l u l a r  n o n -h a em o g lo b in  f r a c t i o n s  and subsequ en t r e d i s t r i b u t i o n .
On th e  b i o l o g i c a l  h a l f  l i f e  o f  l e a d  in  e r y t h r o c y t e s ,  H a l t r o p  showed 
t h a t  i n  th e  p r e s e n c e  o f  EDTA in  v i v o ,  i t  i s  o f  tho  o r d e r  o f  120 m in u te s  
c o n t r a r y  t o  H O  hours r e p o r t e d  by C a s t e l  l i n o  and A loJ  (19(*-i ) •
U lo o d  l e a d  c o n c e n t r a t i o n  may b e  used  t o  measure c u r r e n t  and 
r e c e n t  l e v e l s  o f  e xp o su re  t o  l e a d .  I n  h e a l t h y  a d u l t s  and c h i l d r e n  
w i t h o u t  undue e x p o su re  t o  l e a d  ( s u c h  as  i n d u s t r i a l  e x p o s u r e  f o r  a d u l t s  
o r  " p i c a "  f o r  c h i l d r e n )  b l o o d  l o a d  c o n c e n t r a t i o n s  ra n g e  b e tw een  
a p p r o x im a t e l y  1 0 - 4 0 l OO m l .  i n  w h o l e  b l o o d .  G o ld w a t e r  and H o o ve r  
( 19 6 7)fin a  s tu d y  o f  801 s a m p le s  o f  b l o o d  t a k e n  from p e o p l e  from  a l l  
o v e r  t h e  w o r ld  found  v a l u e s  r a n g in g  b etw een  1 5 -4 0 ^ *^ lbO m l .  Kanu e t  
a l  ( 19 8 9 )  t e s t e d  th e  b l o o d  l e a d  i n  325 p e o p l e  n o t  e x p o s e d  i n d u s t r i a l l y  
t o  l e a d  and found  a mean v a l u e  o f  2 1 . 16 - 6 .8  ug/ lO Cm l.
W e x lo r  and S o b e l  ( 1 9 3 5 )  p o s t u l a t e d  t h a t  c l i n i c a l  symptoms o f  
l e a d  p o i s o n in g  a r e  r e l a t e d  more d i r e c t l y  t o  th e  q u a n t i t y  o f  l e a d  in  
th e  serum o f  p lasma than  t o  th a t  i n  th e  w h o le  b l o o d ,  p a r t i c u l a r l y  
s i n c e  th e  l e a d  i n  th e  c e i l s  a p p e a r s  to  be c o m p a r a t i v e l y  f i r m l y  bound 
and w ou ld  n o t  be  e x p e c t e d  t o  pass  i n t o  th e  t i s s u e  f l u i d s  and t o  e x e r t  
i t ' s  t o x i c  e f f e c t s  on th e  t i s s u e  c e l l s .
The  c o n c e n t r a t i o n s  o f  l e a d  i n  t h e  b l o o d  b e a rs  no c o n s i s t e n t  
r e l a t i o n s h i p  t o  th e  a p p e a ra n c e  o r  s e v e r i t y  o f  c l i n i c a l  m a n i f e s t a t i o n s  
o f  l e a d  p o i s o n in g  w h ich  may be a b s e n t  a t  h i g h  l e v e l s  o f  b l o o d  l e v e l  and 
may be  p r e s e n t  a t  low  l e v e l s .
T h e r e  a r e  numerous s t u d i e s  r e g a r d i n g  i n u u s t r i a l  e x p o s u r e  t o  l e a d  
and i t s  c o r r e l a t i o n  w i t h  b l o o d  l e a d  l e v e l s .  The l e v e l  o f  l e a d  i n  b l o o d  
d oes  n o t  i n c r e a s e  as  much w i t h  l e a d  a b s o r p t i o n  as d oe s  t h a t  o f  t h e  l e a d  
i n  u r i n e ,  b u t  f l u c t u a t e s  m ore  w i d e l y  — E l k i n s ,  ( 1 9 5 9 ) »  The l e v e l  
i n d i c a t i v e  o f  a b s o r p t i o n  c o n s i d e r e d  d an ge ro u s  has b een  g i v e n  v a r y i n g  
v a l u e s  b y  d i f f e r e n t  a u t h o r s  as d o e s  th e  r a n g e  o f  th e  norm a l v a l u e s .  
A c c o r d in g  t o  P a t t y  ( 1 9 4 9 ) , 7 ' »  ug/lOUml -  80 .ug/lOOml a r e  i n d i c a t i v e  o f  
n on - ’■.armful a b s o r p t i o n  and  b e tw e en  80 ug/lOOinl — 150 ug/lCGrnl #■—
H ow eve r ,  50 ug/lOOinl. o f  b l o o d  a r e  g i v e n  a s  i n d i c a t i v e  o f  d an ge rou s
a b s o r p t i o n  by  E g l i  e t  a l  ( 1 9 5 7 ) .
The d i a g n o s i s  o f  l e a d  p o i s o n in g  must depend on th e  p r e s e n c e  o f  
c l i n i c a l  m a n i f e s t a t i o n s  o f  t h a t  c o n d i t i o n  and th e  d e m o n s t r a t i o n  o f  
l e a d  as  th e  e t i o l o g i c a l  a g e n t .  I n  th e  p r e s e n c e  o f  c l i n i c a l  symptoms 
t h e  d e m o n s t r a t i o n s  o f  an ab n o rm a l ly  h ig h  c o n c e n t r a t i o n  o f  l e a d  in  
th e  b l o o d  i s  o f  v a lu e  i n  e s t a b l i s h i n g  t h i s  d i a g n o s i s ,  but i t  must be  
em ph as ised  t h a t  normal b l o o d  v a l u e s  may be o b t a in e d  in  c a s e s  o f  a c t i v e  
l e a d  i n t o x i c a t i o n  and th a t  the  l a t t e r  may be a b s en t  on s u b j e c t s  w i th  
h i g h  c o n c e n t r a t i o n s  o f  l e a d  in  b l o o d .  C h am ber la in  and M assey  (1972 ) 
r e p o r t e d  l e a d  p o i s o n in g  in  a p a t i e n t  w o rk in g  as a s m e l t e r  on  a  p r o c e s s  
w h e re  l e a d  was used .  E x t r e m e ly  h ig h  l e v e l s  o f  b l o o d  l e a d ,  up t o  
1050 ug/lOO m l .  w ere  found  d e s p i t e  o n ly  t r i v i a l  c l i n i c a l  symptoms.
f i le  p r e s e n c e  o f  a b n o rm a l ly  l iU 'g e  amounts o f  l e a d  in  t h e  b l o o d  
r e s u l t  e i t h e r  f rom  a b s o r p t i o n  f rom  th e  o u t s i d e ,  o r  m o b i l i s a t i o n  from 
d e p o s i t s  p r e v i o u s l y  s t o r e d  in  t h e  t i s s u e s  -  (C antarow  and T rum per^19**4) 
A c t i v e  m o b i l i s a t i o n  f ro m  th e  bor ic ,  w i th  th e  d ev e lop m en t  o f  a c u t e  
e p i s o d e s  o f  l e a d  i n t o x i c a t i o n  may o ccu r  many months a f t e r  e x p o s u r e  t o  
l e a d  has c e a s e d .  T h i s  may o c c u r  e i t h e r  s p o n ta n e o u s ly  o r  a s  a r e s u l t  
o f  t h e  a c t i o n  o f  one o r  more f a c t o r s  w h ich  f a v o u r  th e  m o b i l i s a t i o n  o f  
l e a d  such a s :  th e  c a l c iu m  and phosphorous  c o n t e n t  o f  th e  d i e t  and o f
b l o o d ,  i n t a k e  o f  v i t a m i n  0 , th e  s t a g e  o f  s k e l e t a l  d e v e l o p m e n t ,  the  
c o n d i t i o n  o f  t h e  p a r a t h y r o id  a c t i v i t y  and th e  s t a t e  o f  g e n e r a l  
n u t r i t i o n  w i t h  the  a c i d  base  e q u i l i b r i u m .
On th e  b a s i s  o f  p u b l i s h e d  w ork  and o f  e x p e r i e n c e ,  p a r t i c u l a r l y  
i n  i n d u s t r y ,  g u id e  l i n e s  have b een  l a i d  down f o r  d i a g n o s i s  o f  l e a d  
p o i s o n in g  ( L a n e  e t  a l ^ ^ G S ) .  M ost p e o p l e  r e l y  l a r g e l y  or. t h e  b loo d  
l e a d  c o n c e n t r a t i o n  t o  make th e  d i a g n o s i s  and g r e a t  w e i g h t  h as  been
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g i v e n  t o  K e h o e ' s  s t a t e m e n t  t h a t  p o i s o n in g  d o e s  n o t  o c c u r  i f  th e  b l o o d  
l e a d  i s  l e s s  th an  80 ug/lCOml. (K eh o e ,  1960 ) .  C a ses  o f  p o i s o n i n g  
h o w eve r  h a v e  b een  r e p o r t e d  w i t h  v a lu e s  o f  b l o o d  l e a d  l e s s  th a n  t h i s  
(G ib s o n  e t  a l^  19685 B e a t t i e  e t  a l , 1972; S a k u r a i  e t  a l , 1 9 7 ,i )  and 
c o n v e r s e l y  p a t i e n t s  w i t h  e x t r e m e l y  h igh  b l o o d  l e a d  l e v e l s  h a v e  been  
fou n d  w i t h  m in im a l  symptoms (C h am ber la in  and M a s s e y ,  1972; M cR o b e r ts ,
1 9 7 3 ) .
The o c c u r r e n c e  o f  low  b lo o d  l e a d  c o n c e n t r a t i o n s  i n  c a s e s  o f  l e a d  
p o i s o n i n g  has  b e e n  d i s c u s s e d  by Ivehoe (1 97 2 )  ; he a r g u e s  t h a t  t h i s  
a p p a r e n t  anom a ly  i s  due t o  b l o o d  b e in g  sam p led  a f t e r  e x p o s u r e  t o  l e a d  
had c e a s e d ,  and t h e  c o n c e n t r a t i o n  f a l l i n g  so  t h a t  i t  i s  b e l o w  th e  
t h r e s h o l d  e v e n  th o u g h  symptoms a r e  s t i l l  m a n i f e s t e d  by th e  p a t i e n t .
T h i s  a rgum en t i s  p e r s u a s i v e ,  bu t  b lo o d  l e a d  l e v e l s  l e s s  th an  8Cmg/100ml. 
h ave  been  fou n d  i n  th e  p a t i e n t s  who w ere  s t i l l  e xposed  t o  t h e  s o u rc e  
( B e a t t i e  e t  a l  1 9 7 2 ) ,  and p r e s e n t e d  symptoms o f  p o i s o n in g .
V i t a l e  e t  a l  (1 9 7 5 )  c r i t i c i s e d  th e  C r i t e r i a  Document f o r  a 
Recommended S t a n d a r d  f o r  O c c u p a t io n a l  E xp o su re  to  I n o r g a n i c  Dead, wh ich  
r e g a r d d e d  l e a d  i n  b l o o d  as  th e  o n ly  b i o l o g i c a l  t e s t  c o n s id e r e d  as  
h a v in g  p r a c t i c a l  v a l i d i t y  f o r  m o n i t o r in g  th e  l e a d  e x p o su re  o f  w o r k e r s .
I n  t h e i r  w ork  t h e y  have  shown th a t  a g r e a t l y  i n c r e a s e d  b ody  burden  o f  
l e a d  as  e v i d e n c e d  b y  EDTA m o b i l i s a t i o n  t e s t s  c a n  c o e x i s t  w i t h  b lo o d  
l e a d  l e v e l s  b e l o w  8Cug/H.0m l. b l o o d .  T h is  i s  s u f f i c i e n t  t o  c a s t  dou b t  
on th e  v a l u e  o f  t h e  w ho le  b l o o d  measurements a s  a r e l i a b l e  in d e x  o f  th e  
h a z a rd  o f  e x p o s u r e  t o  and a b s o r p t i o n  o f  l e a d .  They q u o t e  th e  b l o o d  
l e a d  as  a  t e s t  " i n s u f f i c i e n t l y  r e s p o n s i v e  t o  p o t e n t i a l l y  dam aging body 
b u rd en s  o f  l e a d  t o  p r o t e c t  w o rk e rs  from  o c c u p a t i o n a l  l e a d  p o i s o n i n g 11 • 
W a ld ron  (197**) s u g g e s t e d  t h a t  b l o o d  l e a d  c o n c e n t r a t i o n s  s h o u ld  be used  
t o  m o n i t o r  a b n o rm a l  e xp o su re  on a p o p u la t i o n  r a t h e r  than  t o  s e r v e  as  a
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m a j o r  d i a g n o s t i c  t o o l .  Used in  t h i s  w ay  b lo o d  l e a d  e s t i m a t i o n s  w i l l  
a l e r t  th e  p h y s i c i a n  o r  th e  e n v i r o n m e n t a l  h y g i e n i s t  t o  an u n r e c o g n is e d  
s o u r c e  o f  c o n t a m in a t i o n ,  w h i l e  a t  th e  same t im e  s e r v i n g  as  v a l u a b l e  
c o r r o b o r a t i v e  e v i d e n c e  o f  e x c e s s i v e  e x p o s u r e s  i n  s u s p e c t e d  c a s e s  
o f  l e a d  p o i s o n i n g .  The i n c r e a s i n g  e v i d e n c e  f o r  s u b c l i n i c a l  e f f e c t s  i s  
an  i n d i c a t i o n  t h a t  e v e r y  e f f o r t  s h ou ld  b e  made t o  e n s u r e  t h a t  e xp osu re  
t o  l e a d  i s  k e p t  t o  a minimum and th a t  t h e  c u r r e n t  t h r e s h o ld  v a lu e s  
a r e  t o o  h ig h  and n eed  t o  be  s e t  a t  l o w e r  l e v e l s .  On t h i s  b a s i s  a d u l t  
b l o o d  l e a d  c o n c e n t r a t i o n  s h ou ld  n o t  be  p e r m i t t e d  t o  r i s e  a b o ve  50 ug/lGOml 
and  c h i l d r e n  b l o o d  l e a d  c o n c e n t r a t i o n s  ab ove  30 ug/ lOOm l. W i l l i a m s  
e t  a l  (1 9 6 8 )  c o n s i d e r e d  l e a d  in  b l o o d  t e s t  t o  be th e  b e s t  c r i t e r i o n  o f  
a b s o r p t i o n .  L an e  e t  a l  ( 1968 ) e s t a b l i s h e d  v a lu e s  f o r  f o u r  c a t e g o r i e s  
o f  b l o o d  l e a d  a b s o r p t i o n  as  f o l l o w s :
Normal 40 ug/lOOml.
A c c e p t a b l e  Uu—So ug/lOOml.
E x c e s s i v e  80-120  ug/lGOml.
Dangerous above 120 ug/lCOml.
Norm al and a c c e p t a b l e  r a n g e s  r e p r e s e n t  th e  p e r m i s s ib l e  o c c u p a t i o n a l  
e x p o s u r e  l i m i t s  w h i l e  e x c e s s i v e  and d an ge rou s  l e v e l s  a r e  u n a c c e p ta b le  
and r e q u i r e  a p p r o p r i a t e  c o r r e c t i v e  a c t i o n .
8 . 3 « 2 .  S o f t  T i s s u e s
Lead  d i f f u s e s  from  th e  p lasma i n t o  the  c x t r a v a s c u l a r  spa ce  and 
t h e n  e n t e r s  th e  c e l l s  o f  t i s s u e s .  L ead  appears  i n  th e  c e l l s  o f  th e  l i v e r  
and  k id n e y  w i t h i n  an hour a f t e r  a d m in i s t e r e d  by i n j e c t i o n  and ap p ea rs  to  
b e  p a r t i c u l a r l y  s t r o n g l y  bound t o  m i t o c h o n d r ia .  H e p e a tcd  wash ing 
f a i l s  t o  rem ove  a l l  l e a d  f rom  m i t o c h o n d r ia  and t h i s  s t r o n g  a f f i n i t y  
i s  o f  p a r t i c u l a r  r e l e v a n c e  when th e  p a t h o l o g i c a l  e f f e c t s  o f  l e a d  come 
t o  bo  c o n s id e r e d  ( C a s t e l l i n o  and A l o j ,  19f>9)* The k i n e t i c s  o f  rem ova l
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o f  l e a d  f r o m  s o f t  t i s s u e s  c l o s e l y  r e s e m b le  th o s e  o f  i t s  r e m o v a l  f rom  
th e  b l o o d .  The  exch an ge  r a t e s  f o r  m u sc les  and s h in  however  a r e  s l o w e r  
th an  th o s e  o f  o t h e r  s o f t  t i s s u e s  (Q o la n o v s k a  e t  a l , 196 7 ) «
Kehoe  (1 9 6 4 )  s t a t e s  t h a t  th e  a v e r a g e  normal a d u l t  has a b o u t  IOO- 
400 mg. o f  l e a d  i n  h i s  t i s s u e s .  A c c o r d i n g  t o  Cantarow  and T rum per  
( 1 9 4 4 ) ,  f r o m  th e  p r e - s c h o o l  a g e  u n t i l  v e r y  o l d  a g e ,  l e a d  m a i n t a i n s  an 
a v e r a g e  c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  0 . 2  mg. p e r  lOOg. in  t h e  l i v e r  
and 0 .1  mg. i n  t h e  k id n e y .  T a b l e  2  summarises th e  r e s u l t s  o f  a  number 
o f  s t u d i e s  o f  t i s s u e  l e n d  l e v e l s .
T a b l e  2 .  The  amount o f  l e a d  in  d i f f e r e n t  human t i s s u e s
A u th o r T i s s u e Kresh  w e ig h t  
m g.per  lOOgm
D ry w e ig h t  J
m g.per 1. 0  gm!
Ash
m g .p e r  lGO{
f o m p s e t t  and Anderson K id n ey O .072 -O .5 5 5 0 . 36- 1 .7 7 3 . C O -17 .7
Kehoe  e t  a l II 0 .0 2 - 0 .0 4 0 . 10- 0 .2 0 1 .0 0 -  2 .0
Weyrauch & M u l l e r B ra in 0 .0 2 - 0 .0 5 0 . 13 3 - 0 .1 9 I . 33 - I .99
Hansmann and P e r r y S p le e n 3 .4 08 12.403 124 .03
Hansmann and P e r r y P an crea s 3 .3 96 16 .9 8 1 16 9 .8 1
B a gch i T h y r o id 0 .0 4 - 0 .0 6 0 . 20- 0 .3 0 1 2 . 00- 3 .0 0
B agch i Lung O.O3 -O .06 0 . 1 5 - 0 .3 0 1 1 . 50 - 3.00
B agch i U te ru s O.OO5 -O .047 0 . 02- 0 .2 3 1 0 . 25- 2 .3 5
B a gch i H e a r t 0 .0 4 5 -0 .0 7 5 0 .2 2 - 0 .3 7 1 2 . 2 5 - 3 .7 51
B agch i M usc le 0 .0 1 4 - 0 .7 0 .0 7 - 0 .3 5 ' 0 . 70 - 3 .50
l lochc  Lynch Bone M arro w 1 . 7 5 - 5 .0 0
Hansmann and P e r r y P l a c e n t a 0 .3 9 2 1 .959 19 .5 9
Thom psot t  and Anderson L i v e r 0 .0 8 - 0 .4 6 0 .4 2 -2 .3 1 4 . 2 5 - 2 3 .10
( f r o m  C a n ta ro w  and Trumper, 1944)
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8 . 3 . 3 »  S k e l e t a l  L e a d
O f  t h e  t o t a l  b od y  l e a d  90 p e r  c e n t  o r  more i s  s t o r e d  in  t h e  
s k e l e t o n .  Lead  h a s  been  d e s c r i b e d  by Hammond (1 9 7 3 )  as  a bone  s e e k e r ,  
s e e k in g  o u t  a r e a s  o f  a c t i v e  bone f o r m a t i o n .  W ald ron  and S t o f e n  ( 197/1) 
m e n t io n ed  i n  t h e i r  book  t h a t  bone m in e r a l  c o n s i s t s  o f  two c a l c iu m  
p h o s p h a te  p o o l s  w h ic h  a r e  c h e m i c a l l y  and p h y s i c a l l y  d i s t i n c t .
The f i r s t  i s  a  c r y s t a l l i n e  phase  c o n s i s t i n g  o f  a p a t i t e  c r y s t a l s  
s i m i l a r  t o  h y d ro x y  a p a t i t e  and th e  s eco n d  i s  an amorphous n o n -  
c r y s t a l i n e  phase  com posed  p r e d o m in a n t ly  o f  c a lc iu m  and p h o s p h a te .
Bone  a p a t i t e  c r y s t a l s  a r e  s i m i l a r  t o ,  b u t  not i d e n t i c a l  w i t h ,  
h y d r o x y a p a t i t e  and  th e  s i z e  and shape o f  c r y s t a l s  v a r i e s  w i t h  bone  
a g e  and w i t l i  d i e t .  The c a l c iu m  wh ich  h a s  a d e f i n i t e  p o s i t i o n  i n  
t h e  c r y s t a l  s t r u c t u r e ,  c o u ld  b e  r e p l a c e d  by l o a d .  The c r y s t a l l i n e  
s t r u c t u r e  o f  th e  b o n e  g i v e s  a  v e r y  l a r g e  i n t e r f a c e  f o r  r e a c t i o n s  to  
t a k e  p l a c e  w h ich  may b e  as  much as 180 m~/g. and bone  may be c o n s id e r e d  
a s  a dynamic s t r u c t u r e  a l t h o u g h  o n ly  a b o u t  O.6 5  p e r  c e n t  o f  b on e  
c a l c iu m  i s  e x c h a n g e a b l e .  Aub e t  a l  ( 1 9 2 6 )  d em on s tra ted  t h a t  p u l v e r i z e d  
b on e  t o o k  up l e a d  i n  p r o p o r t i o n  t o  th e  amount o f  c a l c iu m  l o s t  s u g g e s t in g  
s im p le  i o n i c  e x c h a n g e .
H unter  (1 9 7 5 )  d e s c r i b e s  l e a d  as  f l o w i n g  in  th e  c a lc iu m  s t r e a m  in  
th e  body and c o n t e n d e d  t h a t  t h e  two e lem en t:-  sha red  a  common m e ta b o l is m ,  
and th e s e  a p p e a re d  t o  be  s u s ta in e d  by t h o  f a c t  t h a t  th e  p a ra thorm one  
enhanced  th e  m o b i l i s a t i o n  o f  bo th  l e a d  and ca lc iu m  i n  man. B l a c k  and 
F a rm in g to n  (1 9 6 2 )  h a v e  shown th a t  th e  b i o l o g i c a l  h a l f - t i m e  f o r  th e  l o s s  
o f  r a d i o —le a d  f r o m  th e  human s k e l e t o n  i s  670—8/1O d a y s .  T h e r e  i s  some 
i l l - d e f i n e d  e v i d e n c e  t h a t  un d er  c e r t a i n  c i r c u m s ta n c e s  l e a d  may be 
r e l e a s e d  more r a p i d l y  f rom  th e  b on e .  F a c t o r s  wh ich  have b een
i n c r i m i n a t e d  i n c lu d e  a c u t e  o r  c h r o n i c  i n f e c t i o n s ,  d i s t u r b a n c e s  o f  
a c i d - b a s e  b a l a n c e ,  f e v e r ,  f r a c t u r e ,  e x c e s s i v e  a l c o h o l  i n t a k e  e t c .  
(C an ta row  and T ru m p e r , 1 9 4 4 ) .  Kehoe  ( i 960 ) p o s t u l a t e d  t h a t  a s t a t e  
o f  dynamic e q u i l i b r i u m  i s  m a in t a in e d  i n  th e  human s k e l e t o n  and he does  
n o t  b e l i e v e  i n  a p r o g r e s s i v e  a c c u m u la t io n  o f  l e a d  in  b o n e s .  A c o n t r a r y  
v i e w  i s  e x p r e s s e d  by  H o r iu c h i  e t  a l  ( 19 6 2 )  and S c h r o e d e r  e t  a l  ( I 9 & l ) j  
who s t a t e d  t h a t  t h e  c o n c e n t r a t i o n  o f  l e a d  i n  b on e ,  e x p r e s s e d  in  te rm s  
o f  a sh ,  i n c r e a s e s  up t o  th e  a g e  o f  40 and p erh aps  b e y o n d .
8 .3 * 4 .  The N e rvou s  Sys tem
T h e r e  a r e  w id e  d i s c r e p a n c i e s  i n  t h e  r e p o r t s  c o n c e r n i n g  th e  c o n t e n t  
o f  l e a d  i n  th e  n e r v o u s  s ys tem .  C an ta row  and Trumper ( 1 9 4 4 )  r e p o r t e d  
q u a n t i t i e s  r a n g in g  b e tw e en  O and 1 .9 9  mg/lOOmg.ash o f  b r a i n  t i s s u e .
F lu r y  (1 9 3 4 )  r e p o r t e d  t h a t  th e  p r e s e n c e  o f  le a d  in  th e  n e r v o u 3 s y s tem  
i s  i n f l u e n c e d  by th e  q u a n t i t y  o f  l e a d  s a l t s  a d m i n i s t e r e d ,  th e  n a t u r e  
o f  l e a d  compounds and t im e  e l a p s i n g  s i n c e  th e  d e t e c t i o n  o f  l e a d  i n  th e  
n e r vo u s  s y s t e m .  K eh oe  e t  a l  (1 9 3 5 )  showed th a t  l o c a l i s a t i o n  o f  l e a d  
in  th e  c e n t r a l  n e r v o u s  system  i s  much more p ronounced  f o l l o w i n g  e xp o su re  
t o  v o l a t i l e  o r g a n i c  l e a d  compounds th an  i n  c a s e s  o f  i n o r g a n i c  l e a d  
compounds.
S c h ro e d e r  e t  a l  (1 9 6 8 )  r e p o r t e d  mean l e a d  c o n c e n t r a t i o n s  i n  th e  
ash o f  b r a i n s  f rom  d i f f e r e n t  p a r t s  o f  th e  w o r ld  and f o u n d  v a l u e s  o f  
10, 13, IO  and 13 p .p .m .  f o r  A m er ic a ,  A f r i c a ,  I n d i a  and Japan 
r e s p e c t i v e l y .  Z a w o r s k i  and Oyasu (1 9 7 3 )  d e t e rm in e d  by  t h e  a t o m ic  
a b s o r p t i o n  method t h e  le u d  c o n c e n t r a t i o n  i n  191 b r a i n s  o f  normal 
p e o p l e  and o b t a in e d  a mean v a l u e  o f  0 .5 0  — 0 .6 8  p .p .m .  i n  th e  w e t  
t i s s u e .  O 'Tuama e t  a l  (1 9 7 6 )  s t u d i e d  t h e  d i s t r i b u t i o n  o f  o r g a n i c
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l e a d  i n  g u i n e a - p i g  b r a i n  and f o u n d  a v e r a g e  v a l u e s  o f  0 .0 95  -  0 .0 1 6  mg/g. 
w e t  w e i g h t  i n  c o n t r o l  an im a ls  and 0 .4 2 7  4 O .0 6 7  mg/g. w e t  w e i g h t  in  l e a d  
p o i s o n e d  a n im a ls .
R e g a r d in g  th e  c e r e b r o s p i n a l  f l u i d  in  l e a d  p o i s o n i n g ,  no c o n s i s t e n t  
r e l a t i o n s h i p  t o  t h e  s e v e r i t y  o r  n a t u r e  o f  t h e  c l i n i c a l  m a n i f e s t a t i o n s  
o r  t h e  c o n c e n t r a t i o n  o f  l e a d  i n  c e r e b r o s p i n a l  f l u i d  c o u ld  be  e s t a b l i s h e d .  
C a n ta ro w  and Trumper (1944 )  m e n t i o n e d  th e  n orm a l f i g u r e  f o r  l e a d  in  
c e r e b r o s p i n a l  f l u i d  r a n g in g  b e t w e e n  0 .015  and O .38  nig. l e a d / lC O  c c .  but 
v a l u e s  a s  h i g h  as  0 .4 9 3  mg l e a d / l c O  c c . ,  h ave  been  o b s e r v e d  i n  p a t i e n t s  
and e x p e r im e n t a l  an im a ls  w i th  s e v e r e  l e a d  p o i s o n i n g .
8 . 4 . 1 .  l i x c r e t i o n  hy K idn ey
U r i n a r y  e x c r e t i o n  o f  e x c e s s i v e  q u a n t i t i e s  o f  l e a d '  c o n s t i t u t e  one  
o f  t h e  e a r l i e s t  and s u r e s t  i n d i c e s  0/ e x c e s s i v e  a c u t e  e x p o s u r e  t o  l e a d .  
K eh o e  e t  a l  (1 9 3 5 )  i n d i c a t e d  t h a t  e x c r e t i o n  o f  l e a d  in  th e  u r i n e  
p r o c e e d s  g r a d u a l l y  i . e .  f o l l o w i n g  a d m i n i s t r a t i o n  o f  l e a d  t o  r a b b i t s ,  
t h e y  fo u n d  t h a t  ab o u t  t h r e e  q u a r t e r s  o f  th e  q u a n t i t y  g i v e n  was e x c r e t e d  
w i t h i n  t h i r t y  d a y s ,  abou t o n e - h a l f  d u r in g  t h e  f i r s t  week .
P i n t o  e t  a l  (1 9 5 2 )  made an e s t i m a t e  o f  l e a d  c l e a r a n c e  u t i l i z i n g  
w h o l e  b l o o d  l e a d  c o n c e n t r a t i o n  and  o b t a in e d  a mean o f  c .2 8 4  ( - 0 . 1 0 3 ) 0 ^ 1^ S 
S i n c e  t h e y  w e re  u s in g  w h o le  b l o o d  a s  opposed  t o  p lasm a c o n c e n t r a t i o n ,  
t h i s  f i g u r e  i s  l i k e l y  t o  be  a g r o s s  undei— e s t i m a t e  o f  th e  c l e a r a n c e .  
W h ether  t h e  r e n a l  t u b u le  ta k e s  an  a c t i v e  p a r t  in  l e a d  e x c r e t i o n  i s  
o p en  t o  d o u b t .
V o s t a l  and H e l l e r  (1968 )  i n v e s t i g a t e d  l e a d  e x c r e t i o n  in  man and 
d o g s  and fou n d  t h a t  a t  low  b l o o d  l e a d  l e v e l s  th e  l e a d  was e l i m i n a t e d
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e n t i r e l y  by  g l o m e r u la r  f i l t r a t i o n  as ju d g e d  by  th e  r a t i o  o f  l e a d  t o  
c r e a t i n i n e  c l e a r a n c e .  W ith  a sudden i n c r e a s e  i n  b l o o d  l e a d  
c o n c e n t r a t i o n  b ro u gh t  abou t by an i n t r a v e n o u s  i n j e c t i o n ,  a ch a n ge  was 
o b s e r v e d  in  th e  r e l a t i o n s h i p  b e tw een  g l o m e r u la r  f i l t r a t i o n  r a t e  
and th e  amount o f  l e a d  e x c r e t e d .  T h e re  was some e v i d e n c e  t h a t  th e  
r e n a l  t u b u l e  was r e a b s o r b in g  a c o n s t a n t  amount o f  t h e  f i l t e r e d  l e a d .
T h i s  e f f e c t  was pH d ep en d en t  i . e .  a t  low  )pH th e  amount o f  r e a b s o r b e d  
l e a d  in c r e a s e d ,  but when th e  pii was  h ig h  i t  d e c r e a s e d  o r  e n t i r e l y  
d i s a p p e a r e d .  R e c e n t l y  th ey  found  th a t  t h e  r e n a l  t u b u le  c e l l  t r a n s p o r t s  
l e a d  i n t o  th e  u r i n e ,  p erh aps  b e c a u s e  o f  t h e  p r e s s u r e  o f  l e a d - b i n d i n g  
l i g a n d s  i n  th e  t u b u la r  c e l l .  I f  i n t r a c e l l u l a r  l i g a n d s  b in d  l e a d  
d i f f u s i n g  i n  from  e x t r a c e l l u l a r  f l u i d  th en  th e  c o n c e n t r a t i o n  g r a d i e n t  
b e tw e en  c e l l  and th e  e x t r a c e l l u l a r  f l u i d  w i l l  f a l l ,  r e s u l t i n g  i n  th e  
d i f f u s i o n  o f  more l e a d  in t o  th e  c e l l .
S e l a n d e r  and C ram er (1970 )  and O x le y  (1 9 7 2 )  p o s t u l a t e d  t h a t  i n  
a s t e a d y  s t a t e  th e  u r i n e  shou ld  r e f l e c t  t h e  b lo o d  l e a d  c o n t e n t .  Such 
a  r e l a t i o n s h i p  can b e  shown when means o f  b l o o d  l e a d  c o n c e n t r a t i o n  and 
u r i n e  l e a d  c o n c e n t r a t i o n  a r e  comj>ared i n  l a r g e  g ro u ps  o f  a d u l t s  w i t h  
o r  w i t h o u t  undue l e a d  e x p o su re .
How c l o s e l y  d o e s  the  u r i n a r y  l e a d  e x c r e t  io n  r e f l e c t  t h e  t o t a l  l e a d  
b ody  burden?  U r in e  l e a d  l e v e l s  f o l l o w i n g  k e l a t i o n  have  f r e q u e n t l y  b een  
c i t e d  as  a measure o f  body b u rd en  ( Z i e l h u i s ,  1 9 7 1 ) »  U r in a r y  l e a d  
g e n e r a l l y  c o r r e l a t e s  w i t h  b l o o d - l e a d  l e v e l s  but chan ges  e v e n  more 
r a p i d l y  f o l l o w i n g  i n d u s t r i a l  e x p o s u re  th an  d oes  b l o o d - l e a d .
B a rry  and Mossman (1970) showed th a t  in  a person  w ith o u t undue
Page 32
e n t i r e l y  by  g l o m e r u la r  f i l t r a t i o n  as  ju d ge d  by t h e  r a t i o  o f  l e a d  t o  
c r e a t i n i n e  c l e a r a n c e .  W ith  a sudden i n c r e a s e  i n  b l o o d  l e a d  
c o n c e n t r a t i o n  b r o u g h t  a b o u t  by  an in t r a v e n o u s  i n j e c t i o n ,  a change  was 
o b s e r v e d  in  t h e  r e l a t i o n s h i p  b e tw een  g l o m e r u la r  f i l t r a t i o n  r a t e  
an d  th e  amount o f  l e a d  e x c r e t e d .  T h e re  was some e v i d e n c e  t h a t  th e  
r e n a l  t u b u l e  was r e a b s o r b i n g  a c o n s t a n t  amount o f  t h e  f i l t e r e d  l e a d .
T h i s  e f f e c t  was pH d e p en d en t  i . e .  a t  low  jpH th e  am ount o f  r e a b s o rb e d  
l e a d  i n c r e a s e d ,  b u t  when th e  pH was h igh  i t  d e c r e a s e d  o r  e n t i r e l y  
d i s a p p e a r e d .  R e c e n t l y  t h e y  found th a t  t h e  r e n a l  t u b u l e  c e l l  t r a n s p o r t s  
l e a d  i n t o  th e  u r i n e ,  p e rh a p s  b ecau se  o f  th e  p r e s s u r e  o f  l e a d - b i n d i n g  
l i g a n d s  i n  t h e  t u b u l a r  c e l l .  I f  i n t r a c e l l u l a r  l i g a n d s  b in d  l e a d  
d i f f u s i n g  i n  f r o m  e x t r a c e l l u l a r  f l u i d  th en  th e  c o n c e n t r a t i o n  g r a d i e n t  
b e tw e e n  c e l l  and th e  e x t r a c e l l u l a r  f l u i d  w i l l  f a l l ,  r e s u l t i n g  in  th e  
d i f f u s i o n  o f  more l e a d  i n t o  th e  c e l l .
S e l a n d e r  and C ram er (1 9 7 0 )  and O x le y  (1972 )  p o s t u l a t e d  th a t  i n  
a  s t e a d y  s t a t e  t h e  u r i n e  shou ld  r e f l e c t  t h e  b l o o d  l e a d  c o n t e n t .  Such 
a  r e l a t i o n s h i p  can  b e  shown when means o f  b l o o d  l e a d  c o n c e n t r a t i o n  and 
u r i n e  l e a d  c o n c e n t r a t i o n  a r e  compared in  l a r g e  g r o u p s  o f  a d u l t s  w i t h  
o r  w i t h o u t  undue l e a d  e x p o s u r e .
How c l o s e l y  d o e s  th e  u r i n a r y  l e a d  e x c r e t  i o n  r e f l e c t  th e  t o t a l  l e a d  
b od y  burden?  U r i n e  l e a d  l e v e l s  f o l l o w i n g  k e l a t i o n  have  f r e q u e n t l y  b een  
c i t e d  a s  a m easure  o f  b od y  burden  ( Z i e l h u i s ,  1 9 7 1 ) *  U r in a r y  le a d  
g e n e r a l l y  c o r r e l a t e s  w i t h  b l o o d - l e a d  l e v e l s  but c h a n g e s  e v e n  more 
r a p i d l y  f o l l o w i n g  i n d u s t r i a l  e xp o su re  than  d oes  b l o o d - l e a d .
B a rry  and Mossman (19 7 0 ) showed th a t in  a p e r s o n  w ith ou t undue
l e a d  e x p o s u r e ,  t h e  d a i l y  u r i n e  l e a d  e x c r e t i o n  r e j i r e s e n t s  a p p r o x im a t e l y  
0 .02%  o f  th e  t o t a l  body l e a d  s t o r e  (b a s e d  on a v e r a g e  d a i l y  e x c r e t i o n  
o f  50  m g .  and an a v e r a g e  t o t a l  bod y  burden o f  220 m g . ) .  The p e r c e n t a g e  
i s  e v e n  l e s s  i n  p e rs o n s  w i t h  e l e v a t e d  body s t o r e s .
I t  i s  n o t  s u r p r i s i n g  th e n  t h a t  l e a d  e x c r e t i o n  can  g i v e  a f a l s e  
i m p r e s s i o n  o f  t h e  s t o r e d  b o d y  l e a d ,  e . g .  p a t i e n t s  w i t h  c h r o n i c  l e a d  
n e p h r o p a th y  f r e q u e n t l y  h a v e  u r in a r y  l e a d  l e v e l s  w i t h i n  th e  normal r a n g e  
d e s p i t e  m arked ly  e l e v a t e d  bod y  s t o r e s .  S i m i l a r l y ,  s u b j e c t s  w i t h  h e a v y  
l e a d  e x p o s u r e  i n  th e  p a s t  can  have  normal u r i n a r y  le n d  e x c r e t i o n  d e s p i t o  
l a r g e  b o d y  s t o r e s  (B a lo h ,  1 9 7 M .
B eca u se  o f  t h e  v a r i a b i l i t y  o f  l a b o r a t o r y  a n a l y s i s  o f  b l o o d ,  Goodman 
and G i lm a n  ( 19 6 5 ) recommend u r in e  l e a d  l e v e l  as th e  b e s t  i n d i c a t o r  o f  
s e v e r i t y  o f  e x p o s u r e .  W i l l i a m s  e t  a l  ( 1968 )  r e p o r t e d  t h a t  u r in a r y  
l e a d  l e v e l s  r e f l e c t e d  b l o o d  load  l e v e l s  f a i r l y  w e l l  and can thus  b e  
r e g a r d e d  as a u s e f u l  t e s t  o f  l e a d  a b s o r p t i o n .  H owever ,  i t  i s  n o t  s o  
s u i t a b l e  as b l o o d  le a d  as  numerous f a c t o r s  o t h e r  than  d e g r e e  o f  l e a d  
a b s o r p t i o n  a l o n e  i n f l u e n c e  th e  u r i n a r y  e x f r e t i o n  o f  l e a d ,  such as r e n a l  
f u n c t i o n ,  f l u i d  i n t a k e  and s p e c i f i c  g r a v i t y  o f  u r i n e .
K e h o e  ( 19 G0 )  and Thompson J .  (1 9 7 1 )  h a v e  found t h a t  the  normal 
u r i n a r y  l e a d  e x c r e t i o n  i n  a d u l t s  i s  a p p r o x im a t e l y  3t> u g / l i t r e  w i t h  a 
n o rm a l  ra n g e  o r  a p p r o x im a t e l y  IO ug -  8G u g / l i t r e .  D i n i s c h i o t u  e t  a l  
( i 9 6 0 )  d u r in g  t h e i r  i n v e s t i g a t i o n s  i n  l e a d  i n d u s t r i e s  found  th a t  
s o m e t im e s ,  w h i l e  th e  l e v e l s  o f  b l o o d  l e a d  l a y  w i t h i n  r e l a t i v e l y  n a r r o w  
l i m i t s ,  the  u r i n a r y  le a d  v a l u e s  showed l a r g e  d i f f e r e n c e ,  and a t  t im e s  
t h e y  f o u n d  no c o r r e l a t i o n  between  th e  v a l u e s  o f  b l o o d  l e a d  and t h o s e  o f
u r i n a r y  l e a d  e x c r e t i o n .  Lane e t  a l  ( 19 6 8 )  d e f i n e d  th e  u r i n a r y  
l e a d  f o r  th e  f o u r  c a t e g o r i e s  o f  l e a d  a b s o r p t i o n  as  f o l l o w s :  
n o rm a l  up t o  80 u g / l i t r e ,  a c c e p t a b l e  f r o m  GO t o  150 u g / l i t r e ,  
e x c e s s i v e  f r o m  150 t o  250  u c j / l i t r e ,  d a n g e ro u s  a b o ve  25O u g / l i t r e .  
{ j . 4 . 2 .  E x c r e t i o n  b y  n a s t r o - - i n t e s t i n . i l  t r a c t
Lead  e x c r e t e d  i n  t h e  f a e c e s  may come t h e o r e t i c a l l y  f rom  one 
o f  t h e  two s o u r c e s ,  t h e  b i l e  and p a n c r e a t i c  f l u i d  o r  th e  i n t e s t i n a l  
w a l l .  The g a s t r o  i n t e s t i n a l  t r a c t  has b e e n  found  t o  c o n t a in  l e a d  i n  
p r a c t i c a l l y  a l l  s e c t i o n s  i n c l u d i n g  s a l i v a r y  g la n d s  and s a l i v a .
F l u r y  (1 9 3 4 )  assumed t h a t  l e a d  may b e  e x c r e t e d  in  th e  s a l i v a  and t h e  
mouth s e c r e t i o n s  o n l y  i n  i n s i g n i f i c a n t  q u a n t i t i e s .  W aldron  and 
S t o f e a  (1 9 7 4 )  m e n t io n ed  th a t  l e a d  p a s s e d  i n t o  th e  gu t  lumen bound t o  
s e r a lb u m in  w h ic h  i s  t h e n  p r o t c o l i s e d  t o  r e l e a s e  l e a d .  C u s t e l l i n o  
and  A l o j  ( 1 9 6 5 )  showed t h a t  l e a d  c o u ld  b e  e l i m i n a t e d  in  the  b i l e  
f o l l o w i n g  a b s o r p t i o n  by  th e  g a s t r o - i n t e s t i n a l  t r a c t ,  b u t  t h e r e  i s  n o  
c o n s i s t e n t  q u a n t i t a t i v e  r e l a t i o n s h i p  b e tw e e n  l e a d  c o n t e n t  o f  th e  
l i v e r  and t h e  b i l e .
In  j u d g i n g  th e  amount o f  l e a d  i n  f a e c e s  i t  must be  ta k e n  i n t o  
c o n s i d e r a t i o n  t h a t  i t  c o n s i s t s  i n  p a r t  o f  t h a t  w h ich  has been  
a b s o r b e d  and r e - e x c r e t e d  in  th e  b ow e l  and  in  p a r t  o f  t h a t  wh ich  h a s  
j u s t  p assed  th ro u g h  t h e  i n t e s t i n a l  t r a c t .  Kehoe e t  a l  (1 93 3 )  s t a t e d  
t h a t  a d a i l y  f a e c a l  e x c r e t i o n  g r e a t e r  th a n  0 .6  mg. c o u ld  be c o n s i d e r e d  
a s  ab n o rm a l .
9 .  TOXIC EFFECTS
I n o r g a n i c  l e a d  h as  s e v e r a l  w e l l  known t o x i c  e f f e c t s  on b lo o d
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c e n t r a l  and p e r i p h e r a l  n e r v o u s  s y s tem ,  k id n e y ,  g a s t r o - i n t e s t i n a l  t r a c t ,  
r e s p i r a t o r y  t r a c t ,  bone and  g l a n d s .  T h i s  c h a p t e r  d i s c u s s e s  th e  t o x i c  
e f f e c t s  o f  l e a d  which  c o n c e r n s  th e  p r e s e n t  work i . e .  b l o o d  and 
p e r i p h e r a l  n e r v e s .
9 . 1 .  l i a c m a to lo g i c a l  s y s tem
The h a e m a t o lo g i c a l  e f f e c t  o f  l e a d  when e x p r e s s e d  c l i n i c a l l y  
i s  m i c r o c i t i c  anaemia w h ic h  can  be  a t t r i b u t e d  t o  t h r e e  f a c t o r s :
( a )  i n h i b i t i o n  in  h a e m o g lo b in  s y n t h e s i s
( b )  sh o r t en e d  l i f e  s p a n  o f  c i r c u l a t i n g  e r y t h r o c y t e s
( c )  th e  s t i m u l a t i o n  o f  e r y t h r o c y t e s .
9 . 1 . 1  I n h i b i t i o n  o f  H a e m o g lo b in  S y n th e s i s
H aem og lob in  i s  th e  r e d  p igm ent o f  e r y t h r o c y t e s ;  i t  i s  a 
c o n ju g a t e d  p r o t e i n  c o n s i s t i n g  o f  an i r o n  c o n t a i n i n g  p igm ent haem 
combined w i t h  a p r o t e i n  o f  t h e  h i s t o n e  c l a s s  c a l l e d  g l o b i n .  Haem 
i s  an i r o n  c o n t a in in g  p o r p h y r i n  known as  i r o n - p o r p h y r i n  i X .
The p o r p h y r in  n u c le u s  c o n s i s t s  o f  f o u r  p y r r o l e  r i n g s  j o i n e d  
t o g e t h e r  by  f o u r  m eth ine  ( = C H - )  b r i d g e s .  The s k e l e t o n  o f  t h e  f o rm u la  
o f  haern i s  shown in  F i g u r e  1 :  The f o u r  p y r r o l e  r i n g s  a r e  numbered 
1 , 1 1 , I I I ' ,  IV ,  th e  ca rb o n  atom s  o f  th e  m e th in e  b r i d g e s  a r e  
l a b e l l e d  cT, th e  p o s i t i o n  t o  w h ich  s i d e  c h a in s  a r e  a t t a c h e d  a r e
numbered 1 -8 .  S id e  c h a in s  1 , 3 ,  5 and 8 a r e  m e th y l ,  2 and U a r e  
v i n y l ,  6 and 7 a r e  p r o p i o n i c  a c i d .
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F i g u r e  1 The  c h e m i s t r y  o f  Haemc
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( f r o m  K e e l e  C . A . , 1 9 6 5 )
The h a e m o g lo b in  c o m p le x  when i t s  g l o b i n  i s  i n  th e  n a t u r a l  
s t a t e  f o rm s  a l o o s e  c o m b in a t i o n  w i t h  o x y g e n ,  th e  i r o n  b e i n g  i n  th e  
f e r r o u s  s t u t e .  The p r o p e r t y  wh ich  h a e m o g lo b in  p o s s e s s e s  o f  c om b in in g  
l o o s e l y  and r e v e r s i b l y  w i t h  oxygen  depends  upon t h e  f e r r o u s  atoms o f  
t h e  haem, each  Fe++  c o m b in e s  w i th  on e  m o le c u le  o f  02 *
S i n c e  1802 when G a r r o d  (m e n t io n e d  by C a n ta r r o w  and Trumper^ lg ' » ' * )  
d e m o n s t ra te d  p o r p h y r in  i n  u r i n e  i n  a  c a s e  o f  l e a d  p o i s o n i n g ,  a t t e n t i o n  
has  been  f o c u s s e d  on th e  d i s t u r b a n c e s  caused  by  l e a d  t o  haem s y n t h e s i s .  
Lead  a p p e a rs  t o  i n h i b i t  t h e  f o r m a t i o n  o f  haem a t  s e v e r a l  s t a g e s  and 
th e s e  a r e  i n d i c a t e d  i n  f i g u r e  2 «  T h e s e  s t a g e s  i n c l u d e  th e  c o m b in a t io n  
o f  g l y c i n e  and s u c c i n y l  CO™A t o  fo rm  d e l t a  a in in o ™ le v u l im c  a c i d  (A L A }  , 
a  r e a c t i o n  c a t a l y s e d  by t h e  enzyme ALA — s y n t h e t a s e  wh ich  i s  th e  ra te™  
l i m i t i n g  enzyme o f  haein b i o s y n t h e s i s .  A s econd  s t a g e  o f  i n h i b i t i o n
i s  th e  c o n d e n s a t i o n  o f  tw o  m o le c u l e s  o f  ALA un der  th e  e n z y m a t ic
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i n f l u e n c e  o f  enzyme ALA deh yd rase  t o  form  t h e  m onopyrol p r e s c u r s o r  
p o r p h o b i l i n o g e n  (PU G ).  Four m o le c u le s  o f  FUG j o i n  t o g e t h e r  t o  form  
a p r o p h y r i n ,  i n i t i a l l y  u r o p o rp h y r in o g en  I I I ,  which by  a  p r o c e s s  o f  
d e c a r b o x i l a t i o n  becomes p r o t o p o r p h y r in .  T h e  f i n a l  s t a g e  i s  th e  
i n s e r t i o n  o f  f e r r o u s  i r o n  i n t o  p r o t o p o r p h y r i n  to  fo rm  haem wh ich  
r e q u i r e s  th e  enzyme haem s y n th e t a s e .
F ig u r e  2 The enz im at ic  s teps  at which le ad  in t e r f e r e s  w ith  
b io 3 in t h e s i s  o f  haem
ENZYMATIC 
STEPS 
IN HIBIT«? 
BY LEAD
NORMAL PATHWAYS
PORPHYRIN FORMATION IRON UTILIZATION
METABOLITES AND 
ABNORMAL PRODUCTS 
ACCUMULATED 
IN HUMAN 
LEAD POISONINO
( f r o m  ' L e a d ' ,  N a t i o n a l  Academy o f  S c i e n c e s 1972)
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Many o f  t h e s e  s t e p s  i n  t h e  b i o s y n t h e t i c  pa th w ay  o f  haein a r e  
s e n s i t i v e  t o  t h e  a c t i o n  o f  v e r y  s m a l l  c o n c e n t r a t i o n s  o f  l e a d ,  in  
p a r t i c u l a r  t h e  e n z y m ic  s t a g e  o f  ALA s y n t h e t a s e ,  ALA d eh y d ra s e  
and haem s y n t h e t a s e .  A l l  t h e s e  enzymes c o n t a i n  s u l p h y d r i l l  g rou ps  
i n  t h e i r  a c t i v e  s i t e s  (U r a n i c  and K a u z e r a l , 19 58 ) .  The i n h i b i t i o n  
o f  t h e s e  enzym es  w h ich  c o n t a i n  S1I g ro u p s  by th e  l e a d  i s  r e s p o n s i b l e  
f o r  an e x c e s s i v e  e x c r e t i o n  o f  c o p r o p o r p h y r in  and ALA in  u r i n e ,  
an e x c e s s i v e  c o n c e n t r a t i o n  o f  p r o t o p o r p h y r in  in  t h e  b l o o d ,  e l e v a t i o n  
o f  ALA i n  serum and i n c r e a s e  f r e e  e r y t h r o c y t e  p r o t o p o r p h y r i n  IX  -  
(G o ld b e r g  and B e a t t i e ,  1 9 7 2 ) .
The  s t u d i e s  on i n h i b i t i o n  o f  haem s y n t h e s i s  b y  W ald ron  ( 1966 ) 
and G o ye r  e t  a l  ( 1 9 7 0 w e re  " i n  v i t r o "  e x p e r im e n t s  u s in g  a v i a n  
e r y t h r o c y t e s  ( t h e s e  e r y t h r o c y t e s  c o n t a i n  th e  c o m p le t e  haem b i o s y t h e t i c  
s y s t e m ) . T h e y  showed t h a t  ALA -  D and haem s y n t h e t a s e  a r e  th e  most 
s e n s i t i v e  t o  t h e  a c t i o n  o f  l e a d  among t h e  enzymes i n v o l v e d  i n  haem 
s y n t h e s i s .  M i l l a r  e t  a l  (1 9 7 0 )  p o s t u l a t e d  th a t  p e rh a p s  th e  most 
s e n s i t i v e  i n d e x  o f  l e a d  e x p o s u re  i s  a d e p r e s s i o n  o f  t h e  enzyme ALA-D 
wh ich  can  c o n v e n i e n t l y  be  measured in  p e r i p h e r a l  b l o o d .  A s i g n i f i c a n t  
d e c r e a s e  i n  enzyme a c t i v i t y  o c c u r s  a t  l e a d  l e v e l s  c o n s id e r e d  t o  be  
in  th e  u p p e r  r a n g e  o f  norm al i . e .  30-40  ug/lOO m l .
D r e s e l  and F a l k  (1 9 5 6 )  and Wuda ( 1 9 7 6 ) , in  o t h e r  " i n  v i t r o "  
e x p e r im e n t s , showed t h a t  h ig h  l e a d  c o n c e n t r a t i o n s  i n h i b i t  ALA — 
s y n t h e s t a s e  and c o p r o p o r , jh y r in o g e n  d e c a r b o x i l a s e .  S t u d i e s  on haem 
b i o s y n t h e s i s  i n  e r y t h r o i d  c e l l s  o f  bone marrow f r o m  w o rk e r s  exp osed  
t o  l e a d  showed  a  r e m a r k a b le  r e d u c t i o n  o f  t h e  a c t i v i t i e s  o f  ALA—D and
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haem s y n t h e t a s e ,  a s l i g h t  e l e v a t i o n  o f  ALA-S a c t i v i t y  and a 
p a r a l l e l  r e d u c t i o n  o f  l ' iC  g l y c i n e  i n c o r p o r a t i o n  i n t o  haem and  g l o b i n .  
Wada ( 1 9 7 6 ) »  B o s i g n o r e  e t  a l  ( 19 6 5 ) ,  U e rn b erg  and N ikkanen  (1 9 7 D ) ,
De B r u in  and ¡ loo lboom  ( 1 9 6 7 ) ,  and T o la  (1973 )  a r e  few  among th e  
many a u tn o r s  who showed d e p r e s s i o n  o f  ALA-D in  c i r c u l a t i n g  
e r y t h r o c y t e s  and who s u s t a i n  th e  o p in io n  o f  u s in g  i t  as  a s c r e e n in g  
p r o c e d u r e  f o r  l e a d  w o r k e r s .
ALA i n  u r i n e  i s  a n o t h e r  o f  th e  t e s t s  used  in  le a d  a b s o r p t i o n .
The u r i n a r y  e x c r e t i o n  o f  ALA i s  m arked ly  r a i s e d  ir i  l e a d  p o i s o n i n g  
and i t s  a p p ea ra n c e  i n  i n c r e a s e d  amounts i s  an e a r l y  s i g n  o f  m e ta b o l i c  
l e a d  p o i s o n in g  i n  a d u l t s  ( i la e g e r—Aronson ,  i 960) .
A c c o r d in g  t o  Lane ( 19 6 8 )^ ALA in  u r in e  in  exposed  l e a d  w o rk e r s  
c o u l d  be c l a s s i f i e d  a s  f o l l o w s :
Normal 6 m g / l i t r e
A c c e p t a b l e  6 - 2 0 m g / l i t r e
E x c e s s i v e  2 C -4 0 m g / l i t r e
D angerous  above  ^ o rn g/ l i t r e
l i a i s e d  ALA i n  u r i n e  c o n c e n t r a t i o n s  a r e  c l o s e l y  c o r r e l a t e d  w i t h  plasma 
ALA l e v e l s ,  w h ich  a r e  e l e v a t e d  p r i o r  t o  th e  u r in a r y  i n c r e a s e  (U a ld ron  
and S t o f e n ,  197*») •
The o t h e r  t e s t s  a r e  f o r  p o r p h o b i l in o g e n  and u r o p o rp h y r in o g e n .  
R e g a r d in g  th e  e x c r e t i o n  o f  p o r p h o b i l in o g e n  in  u r in e  th e  p o s i t i o n  o f  
t h e  a u th o rs  i s  s t i l l  u n c l e a r  and t h e r e  has been c o n t r o v e r s y  as  to  
w h e th e r  u r i n a r y  e x c r e t i o n  i s  o r  i s  n o t  r a i s e d  in  l o a d  w o r k e r s .
Ue K r o s t e r  ( 19 6 3 )  found  t h a t  in  le a d  w o rk e rs  p o r p h o b i l i n o g e n  i s  o n ly  
m o d e r a t e l y  r a i s e d  and i n  c a s e s  o f  s e v e r e  p o is o n in g  th e  l e v e l s  o f  
e x c r e t i o n  a r e  i n c o n s i d e r a b l e .
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I n c r e a s e d  e x c r e t i o n  o f  p o r p h o b i l i n o g o n  and u r o p o r p h y r in o g e n  
i n  human l e a d  p o i s o n i n g  has b een  r e p o r t e d  o n l y  i n  more s e v e r l y  
e f f e c t e d  c a s e s  b y  llaecje:—A ron sen  ( i 960 )  and G ib son  e t  a l  ( 1968 ) .  
H ow eve r ,  t h e s e  t e s t s  a r e  n o t  i n c l u d e d  among th e  u s u a l  t e s t s  f o r  
s c r e e n in g  i n  l e a d  p o i s o n i n g .  A u s u a l  and v a l u a b l e  t e s t  i s  u r i n e  
c o p r o p o r p h y r i n , m a in l y  izo raer  I I I ,  w h ich  i s  e x c r e t e d  i n  e x c e s s  
i n  p e r s o n s  e x p o s e d  t o  l e a d  ( M o n t c r i e f  f  e t  a l , 196**) • T h i s  t e s t  i s  
used  as  a s c r e e n i n g  method f o r  l e a d  w o rk e r s  as i t  was th e  e a r l i e s t  
b i o c h e m ic a l  a b n o r m a l i t y  d i s c o v e r e d  i n  l e a d  p o i s o n in g  ( P i n t o  e t  a l , 
1 9 6 2 ) .  A c c o r d in g  t o  Lane e t  a l  ( i 9 6 0 ) ,  u r in e  c o p r o p o r p h y r in  i s  
in c lu d e d  i n  f o u r  l e a d  a b s o r p t i o n  c a t e g o r i e s  as f o l l o w s :
Norm a l 1 5 C m g / l i t r e
A c c e p t a b l e  150~5<X)mg/l i t r e
E x c e s s i v e  50G“ 150C m g / l i t r e
D an ge ro u s  a b o ve  150C m g / l i t r e
The h a e m o g lo b in  i s  a n o th e r  s c r e e n i n g  t e s t ,  u sed  much more in  
o l d  t im e s  th a n  in  t h e  p r e s e n t .  A d r o p  in  h aem o g lo b in  v a lu e s  
accom panied  by  p a r a l l e l  d e c r e a s e  i n  th e  number o f  r e d  b l o o d  c e l l s  
i s  u s u a l l y  f o u n d  i n  m i c r o c y t i c  h y p o c ro m ic  anaemia i n  l e a d  p o i s o n i n g .
The d e c r e a s e  i n  lib p r e c e d e s  th e  d e c r e a s e  i n  th e  number o f  r e d  b l o o d  
c e l l s  and i s  m ore  a c c e n t u a t e d .  H o w e ve r ,  t h i s  p a r a l l e l i s m  i s  b y  no 
means c o n s t a n t .  T h e r e  have  b een  o c c a s i o n a l  r e p o r t s  o f  e x t r e m e  g r a d e s  
o f  anaemia i n  p a t i e n t s  w i t h  l e a d  p o i s o n i n g  w i t h  h a e m o g lo b in  v a l u e s  
as  lo w  as  35?», bu t  t h e s e  w e re  e x c e p t i o n s .  I n  th e  a v e r a g e  c a s e  o f  
c h r o n i c  l o a d  p o i s o n i n g ,  th e  h a e m o g lo b in  ra n g e s  b e tw e en  75-80% (C a n ta ro w  
and Trumper, 19 /*(‘ )  •
T h e re  h a v e  been  numerous s t u d i e s  made o f  t h e  c o r r e l a t i o n
b e tw e en  b l o o d  and u r i n e  l e a d  c o n c e n t r a t i o n s  us t e s t s  o f  a b s o r p t i o n ,  
and th e  u s e  o f  ALA i n  urine^ PUG, c o p r o p o r p h y r in  e x c r e t i o n  and 
h a e m o g lo b in  c o n c e n t r a t i o n  as  i n d i c e s  o f  i n t o x i c a t i o n  have  been  
r e p o r t e d  (H aeg e i— A ro n s en ,  i 9 6 0 ; K eh oe ,  I9 6 0 ;  De l i ru in  and Hoolboom^ 
19675 G ib so n  e t  a l  19685 W a ld ro n  1 97 1 ) «  I n  g e n e r a l  a good 
c o r r e l a t i o n  i s  fou n d  b e tw een  p a ra m e te r s  o f  i n t o x i c a t i o n  and 
a b s o r p t i o n  and i n  a d d i t i o n  t h e  l a b o r a t o r y  t e s t s  c o r r e l a t e  w e l l  w i th  
l e a d  i n  a i r  c o n c e n t r a t i o n  ( W i l l i a m s  e t  a l ,  1968 ) .  The e x c e p t i o n  
i s  t h a t  t h e  h a e m o g lo b in  l e v e l s  do n o t  c o r r e l a t e  w e l l  w i th  o th e r  
t e s t s  ( W i l l i a m s ,  1 9 6 7 ) »
9 . 1 . 2 .  E r y t h r o c y t e  L i f e  Span
T h i s  r e p r e s e n t s  th e  s e c o n d  cause o f  m i c r o c y t i c  anaemia. In  
c h r o n i c  p o i s o n in g  t h e  s h o r t e n in g  o f  l i f e  span i s  m odera te  (Kub ino  
e t  a l j l 9 5 8 )  bu t  i s  r a r e l y  r e d u c e d  b e lo w  6l  d a y s .  Us ing in  v i v o  
l a b e l l i n g  w i t l i  t r i t u m  l a b e l l e d  d i z o p r o p y l f l o u r o p h o s p h o r a t e  i t  has 
b een  p o s s i b l e  t o  show s l i g h t  s h o r t e n in g  ( t o  ab ou t  l i .ü  « lays )  o f  th e  
e r y t h r o c y t e  l i f e  span  i n  a g ro u p  o f  l e a d  w o rk e r s  w i th  b lo o d  le a d  
l e v e l s  b e tw e en  59 ¿rnd 1Ô2 ing/lL'Cml. b l o o d  (H e r n b e r g ,  197 6 ) .
Tho mechanism b y  w h ich  l e a d  s h o r t e n s  th e  e r y t h r o c y t e s  l i f e  span 
i s  n o t  w e l l  u n d e> s to o d *  ( H a r r i s  and E l s e a ,  19 6 7 ) .  I t  m igh t be  t h a t  in  
m i c r o c y t i c  anaem ia  t h e  change  in  s i z e  and shape o f  th e  r e d  b lo o d  c e l l s  
i s  r e s p o n s i b l e  f o r  t h e  i n c r e a s e d  v u l r . a r a b i l i t y .  G r i g s  (1 95 4 )  and 
W ald ron  ( 19 6 6 )  showed th a t  t h e  o sm o t ic  r e s i s t a n c e  o f  e r y t h r o c y t e s  from  
p a t i e n t s  w i t h  l e a d  p o i s o n i n g  i s  in c r e a s e d  t o g e t h e r  w i th  m ech an ica l  
f r a g i l i t y ,  b u t  th e  b i o c h e m ic a l  changes  r e l a t e d  t o  th e  l a s t  f i n d i n g  a r e
n o t  w e l l  known
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P assow  e t  a l  (1 9 6 1 )  and Hasan e t  a l  ( 1 9 6 7 )  added  l e a d  s a l t s  t o  
e r y t h r o c y t e s  i n  v i t r o  and showed l o s s  o f  p o ta s s iu m  and w a t e r .  T h i s  
phenomenon may o r  may n o t  be r e l a t e d  t o  t h e  f a c t  t h a t  e r y t h r o c y t e s  
membrane ATP -  a s e  a c t i v i t y  i s  i n h i b i t e d  b y  l e a d  and sod ium  and p o t ta s iu m  
io n  t r a n s p o r t  a f f e c t e d .  The e f f e c t  on th e  membrane i s  an e a r l y  r e s p o n s e  
t o  l e a d  and ap p ea rs  l o n g  b e f o r e  c l i n i c a l  symptoms a r e  o b v i o u s .  T h e re  i s  
a l s o  an e f f e c t  on th e  up take  o f  33p by th e  c e l l s ,  w h ich  i s  r e d u c e d  in  
man h a v in g  s e v e r e  e x p o su re  t o  l e a d  (W es te rm an  and J e n s e n ,  1 9 6 3 ) .
The  membrane A T P -a s e  l e v e l s  r e tu r n  t o  normal when e x p o s u r e  t o  
l e a d  i s  d i s c o n t in u e d  o r  t r e a tm e n t  w i th  liDTA has b een  g i v e n  (S e c c h i  
e t  a l ,  19 7 2 ) .
9 . 1 . 3 .  The S t i n u l a t ' i m  o f  P.ry t h r o  j o es  i s
The  t h i r d  r e s u l t  o f  l e a d  anaem ia  i s  t h e  s t i m u l a t i o n  o f  
e r y t h r o p o e s i s  w h ich  i s  m a n i f e s t e d  by r e t i c u l o c y t o s i s  and b a s o p h i l i c  
s t i p p l i n g  o f  e r y t h r o c y t e s .
The p u n c t a t e  b o s o p h i l  c o u n t  e n jo y e d  c o n s i d e r a b l e  p o p u l a r i t y  a t  
one  t im e ,  p a r t i c u l a r l y  as  a means o f  s c r e e n i n g  l e a d  w o r k e r s  i n  i n d u s t r y  
( L a n e > 19/i9; G h e lb e r g  e t  a l , 19665 Uarnea  e t  a l , 19 6 8 ) ,  b u t  has  now 
f a l l e n  i n t o  d i s u s e .
l lu b in o  e t  a l  (1 9 5 8 )  and J a n d l  e t  a l  (1 9 5 9 )  p o s t u l a t e d  a 
c o r r e l a t i o n  b e tw een  th e  r e t i c u l o c y t e s  and t h e  c a p a c i t y  o f  t h e  
e r y t h r o c y t e s  t o  t a k e  up i r o n .  They  r e p o r t e d  r a i s e d  serum i r o n  
c o n c e n t r a t i o n s  w i t h  lo w e r e d  t o t a l  b in d in g  c a p a c i t y .  The  u p ta k e  o f  
59pe b y  human r e t i c u l o c y t e s  was a lm os t  c o m p l e t e l y  i n h i b i t e d  by th e  
a d d i t i o n  o f  l e a d  b u t  th e  i n h i b i t i o n  was l e s s  marked a t  l o w e r
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c o n c e n t r a t i o n s .  The i n c o r p o r a t i o n  o f  5 9 „  i n t o  h a e m o g lo b in  wasr e
a lm o s t  e n t i r e l y  p r e v e n t e d  w i t h  th e  c o n seq u en ce  t h a t  t h e  amount o f  
i r o n  i n  t h e  r e d  c e l l  membrane was g r e a t l y  i n c r e a s e d .  R e t i c u l o c y t e s
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f rom  b l e d  r a b b i t s  in c u b a te d  w i t h  10m(  ^ Pb showed o n l y  a m o d era te
d im in u t i o n  o f  c e l l u l a r  u p ta k e  o f  59.. , b u t  t h i s  was a s t r i k i n g  i n c r e a s e
r e
in  t h e  amount o f  i r o n  in  th e  s t ro m a l  f a c t i o n  o f  h y d r o l y s e d  c e n t r i f u g e d  
c e l l s ,  c o n f i r m i n g  e a r l i e r  r e p o r t s  o f  an a c c u m u la t io n  o f  i r o n  in  t h e  
s t ro m a  o f  im m ature  c e l l s  i n  c a s e s  o f  human lo a d  p o i s o n i n g .  ( U e s s i s ,
1 9 6 5 ) .
D a v is  ( 1 9 4 7 )  d i s c u s s e d  th e  c o n n e c t i o n  be tw een  c e l l s  c o n t a i n i n g  
i r o n - s t a i n e d  i n c l u s i o n  b o d i e s  and b a s o p h i l i c  s t i p p l e d  c e l l s .  J an ssen  
e t  a l  ( 19 6 5 ) r e p o r t e d  t h a t  i n  f a c t  t h e s e  c e l l s ,  th e  i r o n  s t a i n e d  i n c l u s i o n  
c e l l s ,  w e r e  r e t i c u l o c y t e s  and by e l e c t r o n  m ic ro s c o p y  showed th a t  th e  
d i f f e r i n g  a p p e a ra n c e  b e tw een  s t i p l e d  c e l l s  and r e t i c u l o c y t e s  was l a r g e l y  
due t o  t h e  d i f f e r e n t  m a n ip u la t io n s  i n v o l v e d  in  p r e p a r i n g  f i l m s  f o r  
e x a m in a t i o n s .
D e r i t i c  and S t a h u l j a k  ( 19&3 ) showed th a t  s t i p p l e d  c e l l s  and 
s y d e r o c y t e s  w e re  s e p a r a t e  e n t i t i e s ,  a l t h o u g h  i r o n  s t a i n i n g  i n c l u s i o n  
b o d i e s  c o u ld  c o - e x i s t  in  c e l l s  t o g e t h e r  w i t h  b a s o p h i l i c  s t a i n i n g  
m a t e r i a l .
H enberg  ( 1 9 7 6 ) showed th a t  t h e r e  i s  no c o r r e l a t i o n  betw een  
s t i p p l e d  e r y t h r o c y t e s  and i n t e n s i t y  o f  l o a d  p o i s o n in g s  h o w e ve r ,  i t  
has some im p o r ta n c e  i n  d e t e c t i n g  c l i n i c a l  l e a d  p o i s o n i n g ,  p a r t i c u l a r l y
when th e  s t i p p l e d  e r y t h r o c y t e s  a r e  fou n d  from  a r o u t i n e  b l o o d  f i l m .
9 - 2 . 1 .  T o x i c  e f f e c t s  on n e r vo u s  system
N e u r o l o g i c a l  symptoms a t t r i b u t a b l e  t o  l e a d  p o i s o n i n g  had been  
r e c o g n i s e d  s i n c e  a n t i q u i t y .  Both th e  p e r i p h e r a l  and th e  c e n t r a l  
n e r v o u s  s y s t e m  may be a f f e c t e d  by t h i s  heavy  m e ta l .
P e r i p h e r a l  n eu ro p a th y  has been  s t u d i e d  by  a l a r g e  number o f  
a u th o r s  b e i n g  a f r e q u e n t l y  h e ld  syndrome among a d u l t s  exposed  t o  
l e a d  as  o p p o sed  t o  c h i l d r e n  who p r e s e n t  more o f t e n  e n c e p h a lo p a th y .
I n  th e  p r e s e n t  c h a p t e r  t h e  l i t e r a t u r e  in  h i s t o l o g y ,  n e u r o p h y s i o l o g y ,  
b e h a v io u r  o f  a n im a ls ,  human a d u l t s  and c h i l d r e n  e x p o s e d  to  l e a d  w i l l  
b e  r e v i e w e d .
9 . 2 . 2 .  H i s t o l o g i c a l  c h a n ges  i n  p e r i p h e r a l  n e r v e s
The e a r l i e s t  s tu d y  o f  h i s t o l o g i c a l  a b n o r m a l i t i e s  in  l e a d  n eu ro p a th y  
was made by  Gombouit ( l t i i i o ) .  de  p o is o n ed  c h r o n i c a l l y  g u in e a - p i g s  
and n o ted  b o t h  d e g e n e r a t i v e  and r e g e n e r a t i v e  ch a n ges  i n  m y e l in  sh ea th s  
he d e s c r i b e d  a d i s i n t e g r a t i o n  o f  t h e  m y e l in  sh ea th  i n  segm en ta l  n e r v e  
b e g in n in g  a t  th e  node o f  R a n v i e r ,  but a f t e r  a t im e  t h e  rem ova l  o f  t h e  
d i s i n t e g r a t e d  shea th  t o o k  p l a c e  and s h o r t  segments  o f  m y e l in  w e re  
r e s t o r e d .  I n  c o n t r a s t  t o  th e  damage o f  th e  m y e l in  s h e a th  th e  axon 
was u n a f f e c t e d .
H e r t e r  ( 1895 )  d e s c r i b e d  e x t e n s i v e  changes  in  t h e  s p in a l  c h o rd  o f  
a  man w i t h  w r i s t  d ro p ,  c o l i c  and e n c e p h a lo p a th y .  He e s t im a t e d  t h a t  
up t o  one  t h i r d  o f  th e  a n t e r i o r  horn  c e l l s  showed d i s i n t e g r a t i o n  o f  
t h e  ch ro in o p h i l  g r a n u l e s ,  v a c o u l i s a t i o n  and p i g m e n t a t i o n .  A p p r o x im a t e l y  
one  f i b r e  i n  f o u r  o f  t h e  l a t e r a l  p o p l i t e a l  n e r v e  was  u n d e rgo in g  
W a l l e r i a n - t y p e  d e g e n e r a t i o n .
Goadby (1 9 0 9 )  r e p o r t e d  m inute  haemmorhages i n  t h e  p e r i p h e r a l  
n e r v e s  i n  man w i t h  l e a d  p o i s o n in g  and t h i s  c o u ld  e x p l a i n  o t h e r
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p a t h o l o g i c a l  ch a n ges  f o u n d .  The p r im a r y  l e s i o n  has  been r e g a r d e d  
t o  be  i n  th e  s p i n a l  c o r d  ( a n t e r i o r  h o rn  c e l l s  and l a t e r a l  c o lu m n s ) .
Aub e t  a l  ( 19 2 6 ) and R e z n i k o f f  (1 9 2 7 )  q u e s t i o n e d  th e  p o s s i b i l i t y  o f  the  
c h a n g e s  a s c e n d in g  on th e  t ru n k  o f  t h e  n e r v e s ,  bu t  no e x a c t  i n f o r m a t i o n  
was a v a i l a b l e  r e g a r d i n g  t h e  mechanism w h e re b y  th e  p e r i p h e r a l  i n j u r y  
may p r o d u c e  c e n t r a l  l e s i o n s .
L e g g e  ( 19 2 9 ) r e p o r t e d  the  most s i g n i f i c a n t  chan ges  as  b e i n g  
p r e s e n t  i n  th e  m u sc le  and  p e r i p h e r a l  p a r t s  o f  th e  n e r v e .  F e r r a r o  
and H e rn a n d e z  (1 9 3 2 )  i n  a  s tud y  on c a t s  and monkeys p o is o n e d  by  l e a d  
r e p o r t e d  t h a t  th e  b r a c h i a l  p l e x u s  and t h e  s c i a t i c  n e r v e  o f  e a c h  
monkey p r e s e n t e d  a c e r t a i n  amount o f  s e g m e n ta l  d e g e n e r a t i o n  o f  
n e r v e  f i b r e s  w i t h  s w e l l i n g  and f r a g m e n t a t i o n  o f  b o th  m y e l in  and a x i s  
c y l i n d e r s .  Numerous f i b r e s  w ere  s u r ro u n d ed  by  a s w o l l e n  m y e l in  
c o v e r i n g .  F l u r y  (193**) r e p o r t e d  t h a t  p e r i p h e r a l  n e r v e s  show 
d e g e n e r a t i o n ,  s w e l l i n g  o f  th e  a x i s  c y l i n d e r s  and a t r o p h y  o f  d e n d r i t e s  
i n  inan.
F u l l e r t o n  (19CG) i n  a s tud y  on 31 g u i n e a - p i g s  w i t h  c h r o n i c  
l e a d  p o i s o n i n g ,  found  t h a t  in  a number o f  a n im a ls  w i t h  normal 
c o n d u c t i o n  v e l o c i t y  many f i b r e s  w e r e  u n d e r g o in g  segm en ta l  d e m y e l in a t i o n  
o r  r e m y e l i n u t i o n .  The s u r v i v a l  o f  o n l y  a f e w  normal f i b r e s  t h e r e f o r e  
a p p e a r e d  t o  p r e s e r v e  m o t o r  c o n d u c t io n  v e l o c i t y .  A l th ou gh  W a l l e n a n — 
t y p e  d e g e n e r a t i o n  i n  some f i b r e s  d i d  n o t  p rodu ce  any s l o w in g  in  
c o n d u c t i o n  v e l o c i t y  i n t e r r u p t i o n  o f  the  axon  and i t s  s e v e r a n c e  from  
th e  m u s c l e  f i b r e  wou ld  c a u s e  sp o n ta n eo u s  f i b r i l l a t i o n s .  The m ost common 
c h a n g e  seen  i n  th e  p e r i p h e r a l  n e r v e s  o f  t h e s e  an im a ls  was a  m ix tu r e  o f
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s egm en ta l  d e m y e l in a t i o n  and a x o n a l  d e g e n e r a t i o n .  I n  8 an im a ls  
s e g m e n ta l  d e m y e l in a t i o n  a l o n e  was fou n d  and in  a n o th e r  5 axon a l  
d e g e n e r a t i o n  was p r e s e n t  in  th e  ab s en c e  o f  any d e m y e l in a t i o n .
The  e a r l i e s t  change  was th e  w id e n in g  o f  t h e  node o f  R a n v i e r .
The  p r o c e s s  o f  d e m y e l in a t i o n ,  wh ich  b e g i n s  a t  th e  node o f  R a n v ie r  
may s t o j j  b e f o r e  i t  i n v o l v e s  th e  w h o le  o u t e r  node and a phase o f  
r e m y e l i n a t i o n  may th e n  su p e rv e n e  w i t h  no change  i n  th e  l e n g th  o f  
i n t e r n o d e .
Lam per t  and S c h o c h e t  (1 96 8 )  s t u d i e d  by  e l e c t r o n  m ic ro s c o p y  
t h e  s c i a t i c  n e r v e s  f rom  r a t s  p o is o n e d  w i t h  Pb c a r b o n a t e .  They 
found  t h a t  th e  c e n t r e  and th e  p e r i p h e r a l  a r e a s  o f  th e  n e r v e  w ere  
g e n e r a l l y  more a e v e r l y  i n v o l v e d .  The  axon s  w e re  w i d e l y  s e p a ra t e d  
and r e d u ce d  in  number. T h e re  was d i s i n t e g r a t i o n  o f  th e  sh ea th s  
s t a r t i n g  w i t h  d i s r u p t i o n  o f t h e  m y e l in  l a m e l l a e  a d j a c e n t  t o  th e  n o d e s  
o f  H a n v i e r .  Some v e s s e l s  w i t h i n  t h e  a f f e c t e d  n e r v e s  showed marked 
e n d o t h e l i a l  p r o l i f e r a t i o n .  T h e re  was p r o l i f e r a t i o n  and d e g e n e r a t i o n  
o f  th e  Schwann c e l l s .  The segment o f  t h e  m y e l in  s h ea th  r e l a t e d  t o  
th e  Schwann c e l l  d i s i n t e g r a t e d ,  b e g in n in g  a t  th e  node o f  R a n v i e r .
The  m y e l in  l a m e l l a e  s e p a r a t e d  a f t e r  s p l i t t i n g  o f  m a jo r  and minor 
d en se  l i n e s .  The s e p a r a t e d  l a m e l l a e  f u r t h e r  d i s i n t e g r a t e d  in t o  
membranous b l e b s .  P r o l i f e r a t e d  Schwann c e l l s  p r o j e c t e d  ben ea th  
th e  basem ent lam ina  o r  neurolemma and e n g u l f e d  d i s r u p t e d  m ye l in  
l a m e l l a e .  M acrophage  p e n e t r a t i n g  th ro u g h  a gap in  th e  neurolemma 
p a r t i c i p a t e d  i n  th e  r e m o va l  o f  m y e l i n .  New m yd l in  l a m e l l a e  w ere  
fo rm ed  by th e  p lasm a membrane o f  Schwann c e l l  p r o c e s s e s  th a t  w rap ped
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around denuded axon s «  T h e r e  was e v i d e n c e  i n d i c a t i n g  t h a t  th e  
p r o l i f e r a t e d  Schwann c e l l s  a g a in  underw ent d e g e n e r a t i o n ,  l e a v i n g  
rem n an ts  o f  basement l a m i n a e .  Renewed p r o l i f e r a t i o n  o f  t h e  Schwann 
c e l l s  g r o w in g  a l o n g  t h e s e  membrane r e s u l t e d  in  c o n c e n t r i c  l a y e r s  o f  
f l a t t e n e d  c e l l s  around  a x o n s .  The  a u th o r s  s u g g e s t e d  th a t  such  
r e p e a t e d  d e g e n e r a t i o n  a n d  p r o l i f e r a t i o n  o f  Schwann c e l l s  a c c o u n te d  
f o r  t h e  f o r m a t i o n  o f  " o n i o n  b u lb s "  i n  c h r o n i c  l e a d  n e u ro p a th y .
S c h l a e p f e r  ( 1 9 ^ 9 ) ,  f r o m  r a t s  i n t o x i c a t e d  w i t h  l o a d  a c e t a t e ,  
i l l u s t r a t e d  p rom in en t  c h a n g e s  i n  th e  s u p p o r t in g  c e l l u l a r  e l e m e n t s  o f  
p e r i p h e r a l  n e r v e s ,  s p i n a l  n e r v e  r o o t s  and s p i n a l  g a n g l i a .  P a t h o l o g i c a l  
a l t e r a t i o n s  o f  t h e  Schwann c e l l s  w e re  m a n i f e s t  d by  w id e s p r e a d  
s e gm en ta l  d e m y e l i n a t i o n  i n  th e  p e r i p h e r a l  and s p i n a l  n e r v e  r o o t s .
A s e l e c t i v e  in v o l v e m e n t  o f  t h e  c a p s u la r  c e l l s  i n  th e  s p i n a l  g a n g l i a  
was c h a r a c t e r i s e d  by  a  p r o l i f e r a t i o n  o f  t h e s e  c e l l s  and a c c u m u la t i o n  
o f  numerous dense  b o d i e s  w i t h i n  t h e i r  c y t o p l a s m .  Those  d en s e  b o d i e s  
c o n t a in e d  a p a r t i c u l a t e  m a t e r i a l  w h ich  had th e  e l e c t r o n  d e n s i t y  o f  
a h e a v y  m e t a l l i c  s u b s t a n c e  c o m p a t i b l e  w i t h  Pb i n  u n s ta in e d  t i s s u e .
T h e s e  f i n d i n g s  s u g g e s t  t h e  p o s s i b i l i t y  o f  a d i r e c t  i n t e r v e n t i o n  o f  
Pb i n  th e  m e ta b o l is m  o f  th e  c a p s u l a r  c e l l s .  An i n c r e a s e  o f  
n e u r o f i l u m e n t s  and a r e l a t i v e  p a u c i t y  o f  e n d o p la s m ic  r e t i c u l u m  was 
seen  i n  some a s s o c i a t e d  s e n s o r y  g a n g l i a n  c e l l s .  More s t r i k i n g  n eu ro n a l  
a l t e r a t i o n s  o c c u r r e d  i n  th e  d i s t a l  p e r i p h e r a l  n e r v e 3  and i n  th e  
p o s t e r i o r  n e r v e  r o o t s  i n  th e  f o rm  o f  h a l l o r i a n  d e g e n e r a t i o n .
The a u th o r  c o n c l u d e s  by s t a t i n g  t h a t  th e  c o - e x i s t e n c e  o f  
s e gm en ta l  d e m y e l i n a t i o n  and ' ./ a l l e r i a n  d e g e n e r a t i o n  i n  th e  p e r i p h e r a l
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n e r v e s  o f  l e a d  n e u ro p a th y  has been  p o s t u l a t e d  t o  r e s u l t  f r o m  a 
common m e t a b o l i c  l e s i o n  o f  the  s u p p o r t in g  Schwann and c a p s u la r  c e l l s .
FetUau e t  a l  ( 1 9 7 ^ )  r e p o r t e d  th e  p a t h o l o g i c a l  ch a n ges  o f  a 
p a t i e n t  who d i e d  by  am io t ro p h yc  l a t e r a l  s c l e r o s i s  g e n e r a t e d  by 
l e a d  p o i s o n i n g .  T hey  found l o s s  o f  m y e l in  in  c o r t i c o - s p i n a l  t r a c t s  
on b o t h  s i d e s  and t h i s  l o s s  was accom panied  by  s w o l l e n  p e r i v a s c u l a r  
m i c r o g l i a l  c e l l s  and r e a c t i v e  a s t r o c y t e s .  In  th e  a n t e r i o r  p ryam ida l  
t r a c t s  th e  l o s s  o f  m y e l in  has a p a tc h y  d i s t r i b u t i o n  but no l o s s  o f  
a n t e r i o r  horn  c e l l s  was fou n d .  T h i s  was a s s o c i a t e d  w i th  a  d e t e c t a b l e  
amount o f  l e a d  i n  t h e  t i s s u e  o f  n e r v e  and musc le  e v i d e n c e d  by e l e c t r o n  
m ic r o - p r o b e  a n a l y s i s .
Uoothby c-t a l  (1 97M  p o s t u l a t e d  the s i t e  o f  l e s i o n  a s  b e in g  ?n 
th e  p e r i p h e r a l  n e r v e s  i n  l e a d  p o i s o n in g  and r e j e c t e d  th e  t h e o r y  o f  a 
m y o j ja t i c  d i s o r d e r  b as ed  on e x p e r im e n ts  in  wh ich  p h o s p h e - o r e a t in in e  
c o n t e n t  d e c r e a s e d  i n  th e  f r o g  m usc le  exp osed  t o  l e a d  s a l t s .
B e a t t i e  e t  a l  (1 9 7 5 )  r e p o r t e d  th e  p a t h o l o g i c a l  c h a n ges  in  two 
s u b j e c t s  who d i e d  o f  a c u te  l e a d  p o i s o n in g  as a r e s u l t  o f  s e l f - i n j e c t i o n  
o f  l e a d  and op ium. A musc le  b i o p s y  was c a r r i e d  o u t  and t h e  i n t r a ­
m uscu la r  and c u ta n eo u s  n e r v e s  p r e s e n t e d  marked m y e l in  breakdown w i th  
some axon a l  d e g e n e r a t i o n .  The t y p e  I I  m usc le  f i b r e s  ( m i o s i n  ATP-ase  
p o s i t i v e )  w e re  u n u s u a l l y  n arrow  and th e  m otor  end p l a t e s  seemed t o  l a c k  
i n n e r v a t i o n .  E l e c t r o n  m ic ro s c o p y  showed l a r g o  t u b u la r  c y t o p l a s m ic  
i n c l u s i o n  b o d i e s  i n  a f ew  m uscu lar  f i b r e s .  T h ese  f i n d i n g s  c ou ld  s u s t a in  
th e  e x p l a n a t i o n  o f  a  l e a d  m yopathy .
The f o l l o w i n g  f e w  s t u d i e s  c on ce rn  th e  n e r v o u s  t r a n s m is s i o n  o f  th e  
im p u ls e  in  l e a d  p o i s o n i n g .  K o s t i a l  and Vouk (1 9 5 7 )  p e r fo rm e d  exp e r im e n ts
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on s u p e r i o r  c e r v i c a l  g a n g l i o n  o f  th e  c a t  t o  t e s t  w h e th e r  l e a d  i o n s  
i n f l u e n c e  g a n g l i o n i c  t r a n s m is s i o n .  The i n v e s t i g a t i o n s  showed th a t  
a d d i t i o n  o f  l e a d  i o n s  t o  p e r f u s i o n  f l u i d  caused  a p a r t i a l  o r  c o m p le te  
b l o c k  o f  s y n a p t i c  t r a n s m is s i o n  i n d i c a t e d  by  f a i l u r e  o f  n i c t i t a t i n g  
membrane c o n t r a c t i o n  on p r e g a n g l i o n i c  n e r v e  s t i m u l a t i o n .  T h i s  
f a i l u r e  i n  t r a n s m is s i o n  was accom panied  b y  a r e d u c e d  o u tp u t  o f  
a c e t h y l c h o l i n e  f rom  the  s u p e r i o r  c e r v i c a l  g a n g l i o n .  The  e f f e c t s  o f  
l e a d  i o n s  c o u l d  be  r e v e r s e d  by i n c r e a s i n g  th e  c a l c iu m  c o n t e n t  o f  th e  
p e r f u s i o n  f l u i d .
Uabin indra and Kuzm inskaya ( 19&5 ) i n  an e x p e r im e n t a l  s tu d y  on 
r a b b i t s  i n t o x i c a t e d  w i t h  l e a d  a c e t a t e  r e p o r t e d  a l t e r a t i o n s  i n  th e  
s y n a p s e s  most n o t i c e a b l e  a f t e r  1 -2  m o n th s .  A l th ou gh  th e  number o f  
s y n a p se s  and n e r v e  c e l l s  had n o t  i n c r e a s e u ,  many ox' th e  s y n a p se s  w e re  
a r g e n t o p h i l i c  and t h e i r  s i z e  had i n c r e a s e d  from  5 t o  7 m ic r o n s .
The  s y n a p t i c  l o o p s  w e re  t h i c k e n e d ,  th e  f i b r e s  d e g e n e r a t e d  and most o f  
th e  s y n a p t i c  s t r u c t u r e  had no ap p a re n t  f i b r e s .  A f t e r  3 t o  6 months th e  
r e g e n e r a t i o n  s t a r t e d  f rom  th e  i n j u r e d  p a r t  o f  th e  p r e - g a n g l i o n i c  f i b r e s  
w h i l e  t h e  a r g e n t o p h i l i a  o f  the  t e r m in a l  p o r t i o n s  o f  t h e  s yn a p se s  was 
g r a d u a l l y  l o s t  and t h e i r  s i z e  r e tu r n e d  a g a i n  t o  n o rm a l .
M a n a l i s  and C oope r  (1 97 3 )  showed f r o m  s t u d i e s  on p r e - s y n a p t i c  and 
p o s t - s y n a p t i c  e f f e c t s  o f  l e a d  a t  th e  f r o g  n eu ro -m u scu la r  j u n c t i o n  t h a t  
l e a d  i n f l u e n c e s  b o th  p r e -  and p o s t - s y n a p t i c  e v e n t s  i n  n eu ro -m u s c u la r  
t r a n s m i s s i o n  w i t h  th e  p r e - s y n a p t i c  one b e i n g  most s e n s i t i v e .  Lead  
r e d u c e d  th e  e n d - p l a t e  p o t e n t i a l  by a p r e - s y n a p t i c  b l o c k  and c o u ld  o n l y  
b l o c k  p o s t —s y n a p t i c a l l y  i n  c o n d i t i o n  i n  wh ich  th e  d e n s i t y  o f
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a c e t h y c h o l i n e - r e c e p t o r  c o m p le x e s  i s  much l o w e r  than i t  i s  d u r in g  en d -  
p l a t e  p o t e n t i a l .
S i l b e r g e l d  e t  a l  (1974 )  s t u d i e d  th e  e f f e c t  o f  i n o r g a n i c  l e a d  on 
n e u ro -m u s c u la r  f u n c t i o n  u s in g  r a t  and mouse p h r e n i c  n e r v e  hem id iaphragm  
p r e p a r a t i o n s .  In  v i t r o  l e a d  was found t o  d e c r e a s e  th e  f o r c e  o f  
c o n t r a c t i o n  and t o  in c r e a s e  t h e  l a t e n c y  b e tw e e n  n e r v e  s t i m u l a t i o n  and 
c o n t r a c t i o n .  T hese  e f f e c t s  w e r e  n o t  seen  when the  m u sc le  was s t im u la t e d  
d i r e c t l y .  K esp o n ses  o f  l e a d  t r e a t e d  p r e p a r a t i o n s  t o  a c e t h y l c h o l i n e  and 
D - m e t h y l c h o l i n e  w e re  unchanged.  In  a d d i t i o n ,  n eu ro -m u scu la r  f u n c t i o n  
was im p a i r e d  in  m ice  c h r o n i c a l l y  e xposed  t o  l e a d .  T h ese  r e s u l t s  s u p p o r t  
th e  h y p o t h e s i s  o f  a p r e - j u n c t i o n a l  s i t e  o f  a c t i o n  o f  i n o r g a n i c  l e a d .
A f t e r  t h i s  r e v i e w  on p a t h o l o g i c a l  c h a n g es  a t  d i f f e r e n t  s i t e s  o f  
p e r i p h e r a l  n e r v e s  i t  may be c o n c lu d ed  th a t  th e  l e s i o n s  most o f t e n  fou n d  
in  th e  p e r i p h e r a l  n e r v e s  in  c h r o n i c  i n o r g a n i c  le a d  p o i s o n in g  a r e  
d e m y e l i n a t i o n  (W a l l e r i a m  t y p e  d e g e n e r a t i o n )  and ax o n a l  d e g e n e r a t i o n  
w i t h  p a t h o l o g i c a l  a l t e r a t i o n  o f  Schwann c e l l s .  The s t u d i e s  r e v i e w e d  do 
n o t  th ro w  any  l i g h t  on m e t a b o l i c  l e s i o n s  p rodu ced  by th e  i n o r g a n i c  l e a d  
i n  t h e  membrane o r  Schwann c e l l s .  A w id e  r a n g e  o f  s p e c i e s  o f  an im a ls  
may need  t o  be  exp osed  t o  l e a d  and th e  d o s e s  v a r i e d  f rom  h ig h  l e v e l s  
f o r  l o n g  p e r i o d s  t o  s i n g l e  n e a r - l e t h a l  d o s e s  w i th  two t o  t h r e e  weeks  
w a tch  on s u r v i v o r s .  M o r e o v e r ,  even  in  t h o s e  an im a ls  w i t h  c l e a r  
h i s t o l o g i c a l  l e s i o n s  i n  th e  p e r i p h e r a l  n e r v o u s  system  t h e r e  a r e  o b v io u s  
d i f f e r e n c e s  b etween  s p e c i e s  l i k e  g u in e a - p i g  and r a b b i t  wh ich  d e v e l o p  
a  m i ld  p a r e s i s  i n  s p i t e  o f  e x t e n s i v e  l e s i o n s  in  p e r i p h e r a l  n e r v e s ,  and 
th e  human s i t u a t i o n  in  wh ich  a  sudden s e v e r e  p a l s y  may o c c u r  w i t h  r e l a t i v e l y  
s l i g h t  ch a n ges  in  th e  p e r i p h e r a l  n e r v e s .
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N e u r o t o x i c  e f f e c t s  fourul i n  a n im a ls  shou ld  be t a k e n  i n t o  a c c o u n t  
i n  d i s c u s s i o n s  w i t h  th e  same r e l i a b i l i t y  as  o th e r  t o x i c  e f f e c t s  fou n d  
i n  a n im a l  s t u d i e s  and w i t h  th e  same r e s e r v a t i o n s  when e x t r a p o l a t i n g  
th e  r e s u l t s  t o  man. The b e h a v i o u r  o f  an im a ls  s tu d ie d  s h o u ld  be  
c o r r e l a t e d  t o  t h e i r  h i s t o l o g i c a l  ch a n ges .
9 . 2 . 3 »  N e u r o p h y s i o l o g i c a l  ch a n ges
The f i r s t  n e u r o p h y s i o l o g i c a l  s tu d y  m entioned  in  l i t e r a t u r e  i s  
t h a t  o f  L an e  and L e vy  ( 1 9 3 5 )^ who p e r fo rm e d  c h r o n a x i m e t r i c  s t u d i e s  
on l e a d  e x p o s e d  w o r k e r s .  C h r o n a x ic  i s  a measure o f  t h e  i r r i t a b i l i t y  
o f  c o n d u c t i v e  t i s s u e  in  te rm s  o f  r e a c t i o n ,  when e l e c t r i c a l  s t i m u l i  o f  
known i n t e n s i t y  a r e  em p lo yed .  By t h i s  p ro c e d u re  p r o l o n g a t i o n  o f  t h e  
r e a c t i o n  t im e  i s  i n t e r p r e t e d  as i n d i c a t i v e  o f  d im in i s h e d  n eu ro -m u scu la r  
i r r i t a b i l i t y .  T h e i r  s t u d i e s  i n u i c a t e u  that l e a d  e x p o s u r e  i s  accom pan ied  
by  d im in u t i o n  i n  n e r v e  m u sc le  i r r i t a b i l i t y ,  which may n e v e r  r e t u r n  t o  
n o rm a l  e v e n  a f t e r  y e a r s  o f  f r e e d o m  from  e x p o su re .
S es s a  e t  a l  ( 19 6 5 ) s t u d i e d  m oto r  n e r v e  c o n d u c t io n  v e l o c i t y  on 
20 p a t i e n t s  w i t h  c h r o n i c  o c c u p a t i o n a l  l e a d  p o i s o n in g .  A c c o r d in g  t o  
t h e i r  r e s u l t s  th e  r e d u c t i o n  in  th e  speed  o f  c o n d u c t io n  o f  u ln a r  
n e r v e  p a r a l l e l e d  th e  in c r e a s e d  f r e e  e r y t h r o c y t i c  p r o t o p o r p h y r i n  
c o n t e n t s .  The  d a ta  showed t h a t  th e  c o n d u c t io n  v e l o c i t i e s  in  th e  
l e a d  e xp o se d  s u b j e c t s  w e re  r e d u c e d  as  compared w i t h  t h e  normal v a l u e s ,  
a l t h o u g h  none o f  th e  p a t i e n t s  showed n e u r o l o g i c  d i s t u r b a n c e s .  The  
a u t h o r s  p o i n t  o u t  t h a t  th d  d e t e r m in a t i o n ,  o f  c o n d u c t i o n  v e l o c i t i e s  
may be  u s e f u l  i n  th e  p r e v e n t i o n  o f  l e a d  n e u r o p a th i e s .
fr'u11e r t o n  and H a r r i s o n  (1 9 6 9 )  s tu d i e d  n e r v e  c o n d u c t i o n  v e l o c i t y
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i n  th e  l a t e r a l  p o p l i t e a l  n e r v e  on a group  o f  19  men who had worked 
in  a b a t t e r y  f a c t o r y  f o r  5 t o  13  y e a r s ;  a l l  had r a i s e d  b lo o d  l e a d  
l e v e l s ,  some w e re  an a em ic ,  but none had any abnormal n e u r o l o g i c a l  
symptoms. T h e r e  was no s t a t i s t i c a l  d i f f e r e n c e  b e tw e en  th e  two g rou ps  
f o r  maximal m o to r  c o n d u c t i o n  v e l o c i t y  nor f o r  th e  v e l o c i t y  o r  
am p l i tu d e  o f  a f f e r e n t  v o l l e y .  I f  s l o w in g  o f  c o n d u c t i o n  o c c u r r e d  in  
o n l y  a p r o p o r t i o n  o f  t h e  n e r v e  f i b r e s ,  then  maximal m otor  c o n d u c t io n  
v e l o c i t y  m i g h t  rem a in  n o rm a l ,  b u t  th e  musc le  a c t i o n  p o t e n t i a l  would 
become i n c r e a s i n g l y  d i s p e r s e d ,  th e  l o n g e r  th e  c o n d u c t io n  d i s t a n c e .
As an i n d i c a t i o n  o f  d i s p e r s i o n ,  th e  am p l i tu d e  o f  t h e  muscle r e s p o n s e  
f o l l o w i n g  s t i m u l a t i o n  a t  th e  kn ee  was exposed  as  a p e r c e n t a g e  o f  t h a t  
f o l l o w i n g  s t i m u l a t i o n  a t  th e  a n k l e .  The v a lu e  f o r  t h e  l e a d  w o rk e rs  
was 1 2 . 7  and l o r  the c o n t r o l  group 95* 6 . 9 - These
d i f f e r e n c e s  o r e  s t a t i s t i c a l l y  s i g n i f i c a n t  and s u g g e s t  th a t  some f i b r e s  
i n  the  l e a d  w o rk e r s  w e r e  c o n d u c t in g  a t  a redu ced  v e l o c i t y .
C a t t o n  e t  a l  (1 9 7 0 )  s t u d i e d  a group  o f  l e a d  accu m u la to r  w o rk e r s  
w i th o u t  c l i n i c a l  e v i d e n c e  o f  n e u r o l o g i c a l  l e s i o n s .  O f  the  19 e xp o se d  
men, 13 had b lo o d  l e a d  l e v e l s  o f  80 ug/lOCml. b l o o d .  From th e  
e l e c t r o p h y s i o l o g i c a l  s t u d i e s ,  i . e .  motor c o n d u c t io n  v e l o c i t y  on the  
l a t e r a l  p o p l i t e a l  n e r v e  no d i f f e r e n c e  was found b e tw een  th e  exposed  
and c o n t r o l s  c o n c e r n in g  m usc le  a c t i o n  p o t e n t i a l  a m p l i tu d e  w i t h  
s t i m u l a t i o n  a t  the  a n k l e ,  but w i t h  s t im u la t i o n  a t  t h e  knee t h e r e  was 
a ten den cy  f o r  a m p l i tu d e  to  be  s m a l l e r  in  th e  l e a d  e xp osed  w o rk e rs  
thun in  t h e  c o n t r o l s .  Maximal m otor  c on d u c t io n  v e l o c i t y  was normal 
i n  th e  e x p o s e d  g rou p  and t h i s  c o u ld  mean th a t  no a l l  o f  th e  l a r g e s t  f i b r e s
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i n  th e  n e r v e s  a r e  a f f e c t e d  o r  t h a t  th e  p a t h o l o g i c a l  ch an ges  a r e  
c o n f i n e d  t o  th e  s m a l l e r  f i b r e s .
H o p k in s  ( 19 7 0 ) , i n  an e x p e r im e n t a l  l e a d  p o i s o n i n g  o f  15  i n f a n t  
baboons  showed  t h a t  no a b n o r m a l i t y  c o u ld  be found  in  e l e c t r o m y o g r a p h y  
and maximum m oto r  c o n d u c t i o n  v e l o c i t y  in  s p i t e  o f  t h e  v e r y  h ig h  l e v e l s  
o f  b l o o d  l e a d  f o r  p e r i o d s  e x t e n d in g  up t o  one y e a r .
S e p p a l a in e n  (1 9 7 1 )  c o n t r i b u t e d  by im p ro v in g  th e  n e u r o p h y s i o l o g i c a l  
methods o f  d e t e c t i n g  s u b - c l i n i c a l  l e a d  p o i s o n i n g .  She m o d i f i e d  an 
o l d  method f o r  t e s t i n g  th e  c o n d u c t io n  v e l o c i t y  o f  th e  s lo w  f i b r e s  o f  
t h e  m ixed  n e r v e s  such a s  u ln a r  n e r v e  and d e v e l o p e d  a s e n s i t i v e  method 
a b l e  t o  p i c k  up th e  s l o w i n g  in  th e s e  f i b r e s  som et im es  when m oto r  n e r v e  
c o n d u c t i o n  was unch an ged .  In  a s tu d y  on a g rou p  o f  39 m a le  l e a d  
w o r k e r s ,  w i t h  c h r o n i c  e x p o s u r e  to  i n o r g a n i c  l e a d ,  a l l  w i t h o u t  c l i n i c a l  
s i g n s  o f  n e u r o l o g i c a l  im p a irm en t ,  S e p p a la in e n  and ¡ l e rn b e rg  (1 97 2 )  
fou n d  t h a t  th e  mean maximum m otor  c o n d u c t io n  v e l o c i t y  o f  th e  u ln a r  and 
median  n e r v e s  w e re  s i g n i f i c a n t l y  l o w e r  in  th e  e x p o se d  than  in  th e  
c o n t r o l s .  The most marked d i f f e r e n c e  b etw een  th e  g ro u ps  was th e  
r e d u c t i o n  o f  th e  c o n d u c t i o n  v e l o c i t y  o f  th e  s lo w  f i b r e s  o f  th e  u ln a r  
n e r v e  among l e a d  w o r k e r s .
G i l i o l i  (1 9 7 1 )  r e v i e w e d  th e  employment o f  n e u r o p h y s i o l o g i c a l  
methods i n  e a r l y  d i a g n o s i s  o f  damage o f  th e  p e r i p h e r a l  n e r v e s  f i b r e s  
by  d i f f e r e n t  t o x i c  s u b s t a n c e s ,  among them l e a d ,  and recommended th e  
e l e c t r o m y o g r a p h y  and n e r v e  c o n d u c t io n  v e l o c i t y  s t u d i e s  as  s c r e e n in g  
methods f o r  w o rk e r s  e x p o s e d  t o  l e a d .
V a s i l e s c u  ( 1 9 7 3 ) , in  a  s tu d y  on 50 c h r o n i c a l l y  l e a d  e xp o se d  w o rk e rs  
w i t h  mean b lo o d  l e a d  o f  72 ug/lOOml. b l o o d ,  measured  th e  e l e c t r o m y o g r a p h y
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p o t e n t i a l s  and th e  m oto r  c o n d u c t i o n  v e l o c i t y  o f  th e  m edian ,  u ln a r ,  
r a d i a l  and p e r o n e a l  n e r v e s .  Measurement o f  m otor  c o n d u c t io n  v e l o c i t y  
showed a s e l e c t i v i t y  o f  a c t i o n  e x e r t e d  by l e a d  upon th e  r a d i a l  n e r ve  
w h e re  a s t a t i s t i c a l l y  s i g n i f i c a n t  s l o w in g  was found b u t  o n ly  a s l i g h t  
r e d u c t i o n  on th e  p e ro n e a l  n e r v e .  The  u ln a r  and th e  median n e r v e s  
w e r e  u n a f f e c t e d .  The e l e c t r o m i o g r a p h y  showed m usc le  l e s i o n s  o f  the 
" m y o s i t i c "  t y p e  which s u g g e s t  a d i r e c t  t o x i c  a c t i o n  o f  l o a d  upon the 
m u sc le  f i b r e s  i n v o l v e d .
M o s ta fa  e t  a l  (1 9 7 2 )  r e p o r t e d  e l e c t r o m y o g r a p h ic  and m otor  n erve  
c o n d u c t i o n  v e l o c i t y  studies on  a g ro u p  o f  20 l o a d  w o rk e r s  w i th  b loo d  
l e a d  r a n g in g  b e tw een  21u g-7ou g/ lO O m l. b l o o d .  The e l e c t r o m y o g r a p h ic  
s t u d i e s  w e re  p e r fo rm e d  on t h e  e x t e n s i o n  m u sc les  o f  t h e  f o r e a rm ,  w r i s t  
and f i n g e i ' s  and the m otor  c o n d u c t i o n  v e l o c i t i e s  on t a e  r a d i a l  n erve  
and i t ' s  p o s t e r i o r  i n t e r - o s s e o u s  b ra n c h .  In  8 o f  t h e  20 exposed  they 
fou n d  e v i d e n c e  o f  p e r i p h e r a l  n eu ropa th y  i . e .  th e  c o n d u c t io n  v e l o c i t y  
s t u d i e s  showed normal v a l u e s  in  th e  r a d i a l  n e r v e  but th e  d i s t a l  l a t e n c y  
was in c r e a s e d  and th e  e v o k e d  motor u n i t  p o t e n t i a l s  w e re  ab n o rm a l ly  
w i d e .  T h e i r  c o n c lu s i o n  was  th a t  th e  n eu ropa th y  th e y  had found was 
p r im a r y  a x o n a l  d e g e n e r a t i o n .
Boothby  e t  a l  (1 97 ^ )  r e p o r t e d  a  n e u r o p h y s i o l o g i c a l  s tudy  on a 
w o r k e r  w i t h  c h r o n i c  l e a d  e x p o s u r e  a t  an a c c e p t a b l e  b l o o d  l e n d .  Motor 
n e r v e  c o n d u c t i o n  v e l o c i t y  o f  th e  r i g h t  median n e r v e  and l e f t  u ln a r  
n e r v e  w e re  n o rm a l .  T h e re  w a s  a b o r d e r - l i n e  s l o w in g  o f  s en s o r y  
c o n d u c t i o n  v e l o c i t y .  E le c t r o m y o g r a p h y  o f  th e  r i g h t  a b d u c to r  p o l l i c i s  
b r e v i s  d em o n s tra ted  m o d e r a t e l y  l o s s  o f  m otor  u n i t  and in c r e a s e d
A
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a m p l i t u d e  o f  th e  r e m a in in g  u n i t s .  Ten months l a t e r  a s l i g h t  im provem ent 
a p p e a r e d ,  t h e  mean a c t i o n  p o t e n t i a l  d u r a t i o n  r e t u r n e d  t o  n o rm a l .
£ i l a t  (1 9 7 5 )  s t u d i e d  th e  f o l l o w i n g  grot in  o f  w o rk e r s  e x p o se d  t o  
l e a d :  42 w o r k e r s  w i t h  in c r e a s e d  a b s o r p t i o n ,  iSU w o r k e r s  w i t l i  c h r o n i c  
i n t o x i c a t i o n  w i t h o u t  s a tu r n in e  a t t a c k s  anil jCt w o r k e r s  w i t h  s a t u r n in e  
a t t a c k s .  O f  t h e  w h o le  g rou p ,  4 6 .9  p e r  c e n t  showed  n e u r o p h y s i o l o g i c  
a b n o r m a l i t i e s .  Changes  o f  e l e c t r o m i o g r a p h i c  t r a c i n g s  showed an 
i n c r e a s e  i n  v o l t a g e  p o t e n t i a l ,  a  l a r g e  p e r c e n t  o f  p o l i p h a s i c  
p o t e n t i a l s  and an i n c r e a s e  i n  mean d u r a t i o n  o f  a c t i o n  p o t e n t i a l s .
The c h a n g es  w e re  s i g n i f i c a n t l y  more f r e q u e n t  th a n  th e  symptoms o f  
an aem ia  o r  t h e  f u n c t i o n a l  r e n a l  i n v o l v e m e n t s .  The  e l e c t r o m y o g r a p h i c  
d i s t u r b a n c e s  p e r s i s t e d  f o r  o v e r  5 y e a r s  a f t e r  t h e  e x p o s u re  was s u p p re s s e d .
U u a r i g l i a  e t  a l  ( l ‘>7 5 )  s t u d i e d  a g ro u p  o f  18  l e a d  exp o sed  w o rk e r s  
w i t h  a  l e n g t h  o f  e x p o s u re  r a n g in g  f rom  3 months t o  12 y e a r s .  M oto r  
c o n d u c t i o n  v e l o c i t i e s  w ere  s i g n i f i c a n t l y  d e c r e a s e d  f o r  t h e  two n e r v e s  
s t u d i e d ,  i . e .  u ln a r  and p e r o n e a l .
E l e c t r o m y o g r a p h y  showed f o r  m otor  u n i t  a c t i o n  p o t e n t i a l s  an 
abnorm al number o f  p o l y p h a s i c  m o r p h o lo g i e s  ( ^ 12 % ) .  h i b r i l l a t i o n  
p o t e n t i a l s  a t  r e s t  and p a t h o l o g i c  m o d i f i c a t i o n s  o f  r e c r u i t m e n t  w e re  
f o u n d .  No r e l a t i o n  was shown betw een  e l e c t r o m y o g r a p h y c  f i n d i n g s ,  
e x p o s u r e  t im e  and d e g r e e  o f  a l t e r a t i o n s  i n  p lasm a  and u r i n a r y  
l a b o r a t o r y  d a t a .  H ow eve r ,  i t  a p p ea rs  t h a t  an e l e c t r o m y o g r a p h i c  
e x a m in a t i o n  i s  a b l e  t o  r e v e a l  a  p a th o lo g y  s t i l l  a s ym p to m a t ic .
S c h l e n s k a  e t  a l  (1975 )  r e p o r t e d  on two p a t i e n t s  w i t h  l o a d  
p o i s o n i n g  who p r e s e n t e d  s e n s o r y  p o l y n e u r o p a t h y .  They  w e re  t e s t e d  by
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e l e c t r o m y o g r a p h y  and e l e c t r o n e u r o g r a m ,  b o th  i n d i c a t e d  damage t o  
p e r i p h e r a l  n e r v e s  w h ich  c o r r e s p o n d e d  w i th  f i n d i n g s  i n  an e l e c t r o n -  
m ic r o s c o p y  s tu d y .  They a l s o  c on c lu d ed  th a t  t h e  e a r l y  d i a g n o s i s  o f  
l e a d  i n t o x i c a t i o n  may be made by e l e c t r o m y o g r a p h i c  measurem ents .
I n  c o n t r a s t  w i t h  th e  numerous s t u d i e s  o n  n e r ve  e l e c t r o p h y s i o l o g y  
in  a d u l t s ,  t h e r e  i s  a r a r i t y  o f  r e p o r t e d  c a s e s  o f  p e r i p h e r a l  
n e u ro p a th y  i n  c h i l d r e n  w i t h  l e a d  i n t o x i c a t i o n .  T h is  c o u ld  be  due t o  
o v e r s i g h t  r a t h e r  than  a t r u e  absence  o f  m e a s u ra b le  l e a d  t o x i c i t y  
on t h e i r  p e r i p h e r a l  n e r v e s .  The d r a m a t ic a l  c l i n i c a l  p i c t u r e  o f  a c u t e  
e n c e p h o lo p a th y  may ove rsh adow  the  symptoms o f  p e r i p h e r a l  n eu ropa th y  
i n  c h i l d r e n .
Fe ldman o t  a l  ( 19 7 3 )^ iti  a s tud y  o f  t w e n t y  l o u r  i lo s t o n  c h i l d r e n ,  
w i t h  known l e a d  p o i s o n in g  >nd b lo o d  le a d  l e v e l  g r e a t e r  than  'tCug/ l o o i a l . 
b l o o d ,  r e p o r t e d  a r e d u c t i o n  in  mean n e r v e  c o n d u c t i o n  v e l o c i t y  o f  
p e r o n e a l  n e r v e  a s  compared w i t h  a group  o f  no rm a l c h i l d r e n .  L a n d r ig a n  
e t  a l  ( 19 7 6 ) c a r r i e d  on a s tu d y  on 202 c h i l d r e n  w i th  b l o o d  l e a d  l e v e l  
o f  J> 4oug/lOOml. b l o o d .  Among o th e r  m easurem ents  n e r v e  c o n d u c t io n  
v e l o c i t y  in  th e  r i g h t  p e r o n e a l  n e r v e  was p e r f o r m e d .  No f r a n k l y  
p a t h o l o g i c  c o n d u c t i o n  v e l o c i t y  change was n o t e d .
A l th ou gh  none  o f  th e  c h i l d r e n  had any c l i n i c a l  n e u r o l o g i c  d i s e a s e  
or f r a n k l y  p a t h o l o g i c  c o n d u c t io n  v e l o c i t i e s ,  a c l o s e - e f f e c t  r e l a t i o n s h i p  
b e tw e e n  c o n d u c t i o n  v e l o c i t y  and b lo o d  l e a d  l e v e l s  was o b s e r v e d .
T h e s e  f i n d i n g s  a r e  c o n s i s t e n t  w i th  th o se  f o u n d  by S e p p a la in e n  e t  a l f
( 1 9 7 5 )
The c o n c l u s i o n  wh ich  can be drawn from  th e  p r e s e n t  s e c t i o n  i s
t h a t  p a t h o l o g y  o f  l e a d  p o ly n e u ro p a th y  i s  n o t  y e t  c l a r i f i e d .  I n
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p a t h o l o g i c a l  c o n d i t i o n s  w h ich  g e n e r a t e s  n e u r o p a th i e s  (mono o r  
p l o y n e u r o p a t h i e s )  such  as p o i s o n in g s  w i t h  a l c l i o h o l ,  v i n c r i s t i n e ,  
g o l d ,  a r s e n i c ,  m ercu ry  and l e a d ,  an a x o n a l  d e g e n e r a t i o n  o r  s egm en ta l  
d e m y e l i n a t i o n  a p p e a rs  and t h i s  g i v e s  a s l o w in g  in  m o to r  c o n d u c t io n  
v e l o c i t y .  C o n d u c t io n  v e l o c i t i e s  a r e  o n l y  m i l d l y  s lo w e d  in  a x o n a l  
d e g e n e r a t i o n  bu t  c an  b e  s e v e r e l y  r e d u ce d  t o  as  l i t t l e  a s  5 t o  lO m ./ se c .  
i n  s egm en ta l  d e m y e l i n a t i o n  ( l i c L eo d ,  1 9 7 ^ ) .
I t  i s  o f  i n t e r e s t  t o  n o t e  G i l l i a t ' s  ( I9 f>6 )  p o i n t  o f  v i e w ,  who 
s t r e s s e d  t h a t  " t h e  axon  when i t  i s  a p p a r e n t l y  denuded o f  m y e l in  i s  
s t i l l  c a p a b l e  o f  c o n d u c t in g  i  p u ls e3  a l t h o u g h  a t  a much r e d u ce d  
v e l o c i t y "  and " d u r i n g  th e  p r o c e s s  o f  W a l l e r i a n  d e g e n e r a t i o n  ch an ges  i n  
c o n d u c t i o n  v e l o c i t y  a r e  g e n e r a l l y  s l i g h t " .  The s i t u a t i o n  seems t o  be  
t h a t  i f  ex f i b r e  i s  c a p a b l e  o f  c o n d u c t in g  im p u ls e s  a t  a l l  i t  d oe s  so 
n o r m a l l y  and th e  m ost s t r i k i n g  change  from  th e  e l e c t r o p h y s i o l o g i c a l  
p o i n t  o f  v i e w  i s  a  d im in u t i o n  in  t h e  number o f  f u n c t i o n i n g  f i b r e s  
r a t h e r  th an  a chan ge  in  c o n d u c t io n  v e l o c i t y .  Me «a lso showed th a t  i f  
t h e  m otor  n e r v e  c o n d u c t i o n  v e l o c i t y  i s  red u ced  by Actfi, t h i s  i s  l i k e l y  
t o  i n d i c a t e  t h e  p r e s e n c e  o f  s egm en ta l  d e m y e l in a t i o n .
T h is  o p i n i o n  seems t o  b e  in  a c c o r d  w i t h  th e  f i n d i n g s  o f  F u l l e r t o n  
( 1 9 6 9 ) ,  C a t t o n  e t  a l  ( 1 9 7 0 ) ,  M o s t a f f a  (1 9 7 2 )  and U o o tb y  (1 9 7 /‘ ) ,  who 
s t u d i e d  p e o p l e  w i t h  d i f f e r e n t  l e v e l s  o f  l e a d  a b s o r p t i o n  and d id  no t  
f i n d  th e  s l o w in g  i n  t h e i r  m oto r  n e r v e  c o n d u c t i o n ,  b u t  d i d  f i n d  o t h e r  
e l e c t r o p h y s i o l o g i c a l  chan ges  in  t h e  same n e r v e s .
From th e  T a b l e  3 (p a g e  5 O) i t  can  be s een  th a t  F u l l e r t o n  (1 9 ^ 9 )  
d i d  n o t  f i n d  a lo w  c o n d u c t io n  v e l o c i t y  i n  p e r o n e a l  n e r v e ,  bu t  from
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TABLE 3 ~ Motor conduction velocity in  lead exposed people
00 
IA
Source Nr.subjects Lead in Nerve MCV exposed MCV controls Results
blood tested m/sec. m/sec.
--------------- —  --------------------  .  . . .
ug/lOCml
Catton et al (1970) 19 79-100 Peroneal 49.3^4.7 49.6^3.9 Normal
Vasilescu (1973) 50 2 7 -8 0 Median 55.6-2.5 Normal
Ulnar 56.5-2.4 sig.
Uadial 44.8-2.8 sig.
Peroneal 46.1-1.9 sig.
Iloothby et al (1974) 1 > 70 Median Normal
Ulnar Normal
Radial Normal
Sessa (1965) 20 Ulnar 35.8-51.6 sig.
Radial 44.0-60.0 sig.
Popliteal 38.8-51.6 sig.
Seppalainen et al 26 20-70 Median 54.5-5.2 58.5-3.8 sig.
(1975) Ulnar 55*0-4.8 58.1-3.1 sig.
Peroneal 50.6-4.4 5 2.C-4.O normal
Tibial Post 43.4-3.0 4 4.6-3 .2 normal
Kostafa et al (1972) 20 21-76 Radial normal
Seppalainen et al 39 40-80 Median 55.3;3.7 5 8.6Ì3 . 7 sig.
(1972) Ulnar 54.0-5.2 5 6.7^3 .4 sig
Peroneal 48.4^5.1 5 0.7 -3 .6 normal
Fullerton & ilarrison 19 > 80 Peroneal normal
(1969 )
Fullerton (1969 ) 5 > 80 Peroneal normal
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s tu d y in g  th e  r a t i o  o f  a m p l i tu d e  o f  t h e  £>tU r e s p o n s e  k n e e / a n k le  found th e  
v a l u e  was 8 4 . 8 ^ - 1 2 .7  f o r  exp o sed  and 9 5 .4 ^ - 6 .9  f o r  c o n t r o l s .  T h is  
d i f f e r e n c e  b e in g  s t a t i s t i c a l l y  s i g n i f i c a n t  s u g g e s t s  th a t  some f i b r e s  
i n  t h e  l e a d  w o r k e r s  w e re  c o n d u c t in g  a t  a redu ced  v e l o c i t y .  The f i n d i n g s  
w e re  s i m i l a r  i n  h e r  ( 1989b ) work .
M o s t a f f a  ( 1 9 7 2 )  found th e  c o n d u c t io n  v e l o c i t i e s  normal i n  th e  
r a d i a l  and p o s t e r i o r  i n t e r o s s e o u s  n e r v e s ,  ( T a b l e  3 ) ,  but t h e  d i s t a l  
l a t e n c y  was i n c r e a s e d  in  two c a s e s  and th e  evoked  M wave was  ab n o rm a l ly  
w id e  in  two c a s e s .  C a t to n  (1 97 0 )  found  no d i f f e r e n c e  in  n e r v e  
c o n d u c t io n  v e l o c i t y  — t a b l e  3 -  o r  i n  m usc le  a c t i o n  p o t e n t i a l  am p l i tu d e  
w i t h  s t i m u l a t i o n  a t  th e  a n k l e .  .» 'i th s t i m u l a t i o n  a t  th e  k n e e  th e r e  was 
a t e n d e n cy  f o r  t h e  a m p l i tu d e  t o  be s m a l l e r  in  th e  l e a d  w o r k e r s .  The 
v a l u e  a f t e r  s t i m u l a t i o n  a t  th e  knee  can  be e x p r e s s e d  as a p e r c e n t a g e  
o f  t h a t  f o l l o w i n g  s t i m u l a t i o n  a t  th e  a n k l e .  l o r  th e  c o n t r o l s  the  r a t i o  
was 9 4 .55 i-6 .4  and f o r  exposed  was 81 .5 '.' '-12.5 (P C - ' .O l )  f rom  wh ich  i t  can  
be s een  t h a t  t h e r e  i s  e v i d e n c e  o f  an a b n o r m a l i t y  i n  p e r i p h e r a l  n e r ve  
fu n c t i o n  i n  some l e a d  w o rk e rs  when t h e  m otor  n e r v e  c o n d u c t io n  v e l o c i t y  
i  s n o rm a l .
Uoothby e t  a l  ( 1 9 7 4 ) ,  t a b i c  3 , found  th e  m oto r  n e r v e  c o n d u c t io n  
v e l o c i t i e s  normal f o r  median , u ln a r  and r a d i a l  n e r v e 3  and a  b o r d e r l i n e  
s l o w in g  o f  s e n s o r y  n e r v e  c o n d u c t io n  v e l o c i t y .  D e lw a id e  and C h a n t ra in e  
(1 9 6 5 )  s tu d i e d  t w e l v e  l e a d  p o is o n e d  p a t i e n t s  and found t h a t  even  i n  the  
p r e s e n c e  o f  c o n s i d e r a b l e  m usc le  w a s t in g ,  m otor  c o n d u c t io n  v e l o c i t y  was 
n o rm a l•
In  th e  same t a b l e  3 ,  i t  can  be s een  th a t  o t h e r  a u th o r s  S essa  (1 9 6 5 ) ,  
S e p p a la in e n  e t  a l  (1 9 7 2 )  nn^ (1 97 5 )  and V a s i l e s c u  (1973 )  r e p o r t e d  f rom  
t h e i r  s t u d i e s  on l e a d  w o rk e rs  s i g n i f i c a n t  s l o w in g  i n  m oto r  n e r v e
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c o n d u c t i o n  v e l o c i t y  i n  p e r i p h e r a l  n e r v e s .
9 . 2 . 4 .  B e h a v i o u r a l  Changes
9 . 2 ./4. l .  i i e a son  f o r  s tu d y in g  b e h a v i o u r a l  chan ges
F o r  many y e a r s  i t  was w i d e l y  h e ld  t h a t  s i g n s  an d  symptoms o f  
l e a d  p o i s o n i n g  w o u ld  n o t  o c c u r  i f  th e  b l o o d  l e a d  c o n c e n t r a t i o n  was 
b e l o w  80u g/ lG 0 in l . b l o o d  (K eh oe  e t  a l ^ l 9 3 5 ) *  T h i s  c o n c e p t  o f  a  s a f e  
t h r e s h o ld  v a l u e  h as  been  s u b j e c t e d  to  much c r i t i c i s m  as  i t  has  been 
shown t h a t  m i ld  symptoms o f  p o i s o n i n g  may o c c u r  i n  o c c u p a t i o n a l l y  
e x p o s e d  w o r k e r s  w i t h  b l o o d  l e a d  l e v e l  a b o ve  30ug/lOGiriI . b l o o d  and 
s e v e r e  symptoms when l e v e l s  a r e  4Oug/lC0ml. b l o o d  ( B r y c e  Sm ith  and 
W a ld ron  197^*b).
In  c h i l d r e n ,  l e v e l  3 o f  ■'iOug/lOOml. b l o o d  a r e  commonly a s s o c i a t e d  
w i t h  r i s k  o f  c l i n i c a l  p o i s o n in g  b u t  some c h i l d r e n  a p p e a r  to  be  
s p e c i a l l y  s e n s i t i v e  arid d i s p l a y  s e r i o u s  symptoms e v e n  b e lo w  2Guy/lOCml. 
b l o o d .  S in c e  a v e r a g e  l e v e l s  o f  3Oug/l0Oml. b l o o d  a r e  now r e p o r t e d  f o r  
g ro u j js  o f  c h i l d r e n ,  th e  p rob lem  becomes v e r y  s e r i o u s .  What i s  even 
more d i s t u r b i n g  i s  th e  d e m o n s t r a t i o n  th a t  b e h a v i o u r a l  and e d u c a t i o n a l  
a b n o r m a l i t i e s  c a n  b e  m a n i f e s t e d  f ro m  c h i l d r e n  who a r e  n o t  known to  
h a v e  s u f f e r e d  f r o m  c l i n i c a l  l e a d  p o i s o n in g  and whose  b lo o d  l e a d  l e v e l  
o r e  b e lo w  th e  d a n g e r  l e v e l .
S u b j e c t i v e  symptoms among l e a d  exp osed  w o rk e r s  i n d i c a t i v e  o f  
abnorm al b e h a v i o u r  have  been  r e p o r t e d  t o g e t h e r  w i t h  a b n o r m a l i t i e s  o f  
n e u r o p h y s i o l o g i c a l  t e s t i n g  and p e r f o rm a n c e .  The new prob lem  f a c i n g  the 
p h y s i c i a n  i s  now t h a t  o f  t e s t i n g  th e  dynamic f u n c t i o n  o f  th e  n ervou s  
s y s t em  i n  th e  i n t a c t  o r g a n is m .
H i s t o r i c a l l y ,  s t u d i e s  on c o n d i t i o n e d  r e f l e x e s  and spon taneous
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b r a i n  a c t i v i t y  o f  a n im a ls  p o is o n ed  w i t h  l e a d  has been c a r r i e d  on by 
th e  E a s t e r n  European c o u n t r i e s  r e s e a r c h e r s ,  and i t  w i l l  be  r e v i e w e d  
l a t e r  i n  t h i s  c h a p t e r .  R e s e a r c h e r s  f rom  W es te rn  European c o u n t r i e s  
and A m e r i c a  have become more and more aware o f  th e  new d an ge r  o f  s m a l l  
l e v e l s  o f  l e a d  on work  exposed  p e o p l e  and on p e o p l e  from  th e  g e n e r a l  
e n v i r o n m e n t .
A new f i e l d  o f  t o x i c o l o g y ,  t h a t  o f  b e h a v io u r a l  t o x i c o l o g y  i s  now 
d e v e l o p i n g  which com bines  th e  r e s o u r c e s  o f  the  t o x i c o l o g i s t ,  the  
p h a r m a c o l o g i s t ,  th e  p s y c h o l o g i s t  and th e  p h y s i c i a n  wh ich  i s  t r y i n g  t o  
d e t e r m in e  th e  d e l e t e r i o u s  e f f e c t s  o f  l e a d  on human b e h a v io u r ,  such 
as  l e a r n i n g ,  memory, m otor  p e r fo rm a n c e  and n e u r o p h y s i o l o g i c a l  c h a n ges .  
A t  t h e  p r e s e n t ,  b e h a v io u r a l  t o x i c o l o g y  i s  c on ce rn ed  w i t h :
1) m e th o d s  f o r  a s s e s s in g  the  ad equ a cy  o f  o c c u p a t io n a l  h e a l t h  s ta n d a rd s  
and f o r  q u a n t i f y i n g  and e v a l u a t i n g  f u n c t i o n a l  im pa irm en t in  w o rk e rs  
b a s e d  on b e h a v io u r a l  p e r fo rm a n ce  measures  and n e u r o p h y s i o l o g i c a l  
c h a n g e s .
2 ) t h e  a p p l i c a t i o n  o f  b e h a v io u ra l  n e u r o p h y s i o l o g i c a l  i n d i c a t i o n s  f o r  
t h e  m o n i t o r i n g  and e a r l y  d e t e c t i o n  o f  p o t e n t i a l  o c c u p a t i o n a l  
h e a l t h  and s a f e t y  p rob lem s .
3 )  t h e  u l t i m a t e  e s t a b l i s h m e n t  o f  o c c u p a t i o n a l  h e a l t h  and s a f e t y  
s t a n d a r d s  based  on the  p r e s e r v a t i o n  o f  b e h a v io u r a l  f u n c t i o n s  
and w o rk e r  c a p a b i l i t i e s .
9 . 2 . 4 . 2 . U e h a v io u r a l  changes  in  a n im a ls
The  number o f  s t u d i e s  c o n c e rn e d  w i th  b e h a v io u r a l  ch a n ges  in  
a n im a ls  e xp o se d  t o  i n o r g a n i c  l e a d  a r e  more numerous than  s i m i l a r
s t u d i e s  o n  human b e i n g s .  Ungher e t  a l  (1 9 5 7 )  r e p o r t e d  a s tu d y  on
a n im a ls  e x p e r i m e n t a l l y  p o is o n e d  w i t h  i n o r g a n i c  l e a d .  Two d o g s ,  on e  
w e l l  b a la n c e d  and t h e  o t h e r  w i t h  low  b a la n c e d  n e r vo u s  b e h a v io u r  w e r e  
p o i s o n e d  c h r o n i c a l l y  w i t h  l e a d  a c e t a t e .  I n v e s t i g a t i o n  o f  th e  h i g h e r  
n e r v o u s  a c t i v i t y  o f  th e  two dogs  d i s c l o s e d  c y c l i c  d i s t u r b a n c e s  
c h a r a c t e r i s e d  by p r o l o n g a t i o n  o f  l a t e n c y  p e r i o d  o f  r e s p o n s e  t o  a 
p o s i t i v e  s t im u lu s .  A t  th e  end o f  t h e  e x p e r im e n t  an e x c i t a t i o n  o f  
c e r e b r a l  c o r t e x  a p p e a re d ,  p r o b a b ly  a s  an i n d i c a t i o n  o f  hyper— 
s o l i c i t a t i o n  o f  th e  n e r v o u s  c e l l s .
Gusev (1 0 6 o )  r e p o r t e d  b e h a v i o u r a l  im p a irm en t  when r a t s  and r a b b i t s  
w e r e  e x p o s e d  t o  h i g h  and lo w  a tm o s p h e r i c  c o n c e n t r a t i o n s  o f  l e a d  o x i d e ,  
f o r  s i x  h ou rs  d a i l y  f o r  s i x  months. U s in g  f o r c e  and l a t e n c y - o f -  
r e s p o n s e  m e a s u re s ,  no im p a ir ,  e n t  was s een  a t  an a v e r a g e  a i r  c o n c e n t r a t i o n
<T ^
o f  1 .1 3  ug/irr o f  l o a d .  A t  th e  h i g h e r  c o n c e n t r a t i o n  l lu g / m  , d i s t u r b e d  
r e f l e x e s  b ega n  t o  o c c u r  abou t 2 months u f t o r  th e  s t a r t  o f  e x p o s u r e  and 
i n c r e a s e d  i n  s e v e r i t y  o v e r  th e  e x p o s u r e  p e r i o d .  B a s e - l i n e  c o n d i t i o n e d  
r e f l e x e s  was r e - e s t a b l i s h e d  IO  t o  23 d ays  a f t e r  l e a d  e x p o s u r e  was 
d i s c o n t i n u e d .  As e x p o s u r e  t im e  in c r e a s e d  d i f f e r e n t i a l  r e a c t i o n s  t o  
s t r o n g  ( b e l l )  and weak ( l i g h t )  c o n d i t i o n e d  s t i m u l i  w e r e  o f t e n  d i s r u p t e d  
and p o s i t i v e  r e a c t i o n s  t o  a n e g a t i v e  c o n d i t i o n e d  s t im u lu s  ( b u z z e r )  
a l s o  o c c u r r e d .
S h a la m b e r id z e  ( 19 6 2 )  u s in g  th e  same m e th o d o lo g y  a s  Gusev ( 1 9 6 1 ) 
fou nd  t h a t  l e a d  s u lp h id e  c o n c e n t r a t i o n s  o f  *i8 . 3ug/m ( c a l c u l a t e d  a s  
m e t a l l i c  l e a d )  p rodu ced  d i s t u r b e d  c o n d i t i o n e d  r e f l e x e s  in  r a t e s  
e x p o se d  t o  r e s p i r a b l e  o r e  d u s t .  N ovak ova  (19&9) u s in g  s i m i l a r  
c o n d i t i o n i n g  t e c h n iq u e s  as  Gusev (1 9 & 1 ) ,  r e p o r t e d  t h a t  com bined  c h r o n i c  
d o s e s  o f  a r s e n i c  and l e a d  w e re  a d d i t i v e  i n  t h e i r  e f f e c t s  and d i s r u p t e d
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th e  a c q u i s i t i o n  o f  c o n d i t i o n e d  r e f l e x e s .  T h e i r  b e h a v i o u r a l  t e s t s  w e re  
a d m in i s t e r e d  be tw een  t h e  f o u r th  and e i g h th  month o f  c h r o n i c  p o i s o n i n g .
F r i d l a n d  ( 1 9 6 3 )  r e p o r t e d  on t h r e e  m ixed  g rou ps  o f  r a t s  and
r a b b i t 3 -
Group 1 r e c e i v e d  l e a d  n i t r a t e  s o l u t i o n
Group I I  r e c e i v e d  mercury b i c h l o r i d e  s o l u t i o n
Group I I I  r e c e i v e d  mercury and l e a d  s o l u t i o n  i n  dose s  a t  th e  l e v e l
o f  th e  maximal p e r m i s s i b l e  c o n c e n t r a t i o n s  i n  th e  w a t e r ,  
i l a t s  w ere  used  f o r  t h e  s tu d y  o f  c o n d i t i o n e d  r e f l e x e s ,  Groups I  and I I  
had no d e v i a t i o n s  i n  b e h a v io u r  o r  c o n d i t i o n e d  r e f l e x e s  a f t e r  a s i x  montti 
p e r i o d ,  Group I I I  showed d e v i a t i o n  from th e  norm al p o i n t i n g  t o  n eu ro ­
m uscu lar  d i s o r d e r s ,  p o s s i b l y  due t o  th e  summation o f  the  two t o x i c  m e t a l s .
X in t a r a s  e t  a l  ( 1 9 6 7 )  dem onstra ted  th a t  r a t s  g i v e n  lo a d  a c e t a t e  
( l . 5mg/ml in  t h e i r  d r i n k i n g  w a t e r )  showed a l t e r e d  r a p i d  eye-m ovem ent 
(REM) p a t t e r n i n g  d u r in g  s l e e p .  I t  i s  i n t e r e s t i n g  th a t  t h e  c h r o n i c  
a b s o r p t i o n  o f  le a d  a f f e c t s  REM s l e e p  and t h i s  c o u l d  be r e l a t e d  t o  th e  
f a c t  t h a t  an e a r l y  s i g n  o f  le a d  p o is o n in g  i s  in s o m n ia .
W e ir  and d in e  ( 1 9 7 0 )  have g i v e n  shock a v o id a n c e  t r a i n i n g  t o  g o ld  
f i s l i  and th e n  exp osed  them to s p e c i f i c  c o n c e n t r a t i o n s  o f  l e a d  n i t r a t e .  
T e s t s  a f t e r 2 4  and 4C h o u rs  y i e l d e d  s i g n i f i c a n t  b e h a v i o u r a l  im pa irm en t 
a t  c o n c e n t r a t i o n s  as  l o w  as 0 .0 7  p .p .m .
Ca rson  (1 9 7 3 )  r e p o r t e d  on a s tudy  o f  th e  e f f e c t s  o f  p r e - n a t a l  
l e a d  e x p o su re  on p o s t - n a t a l  b eh a v io u r  in  sheep .  Two g rou ps  o f  ewes 
f e d  w i th  l e a d  f o r  5 w e e k s  b e f o r e  and through g e s t a t i o n ,  had a mean 
b l o o d  l e a d  c o n t e n t  o f  5 ,  19, and 33ug/lGGml. b l o o d  f o r  th e  c o n t r o l ,  
l o w —d osage  and h igh  d o s a g e  groups r e s p e c t i v e l y . The lambs w e re  n o t
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e x p o s e d  t o  l e a d  a f t e r  b i r t h  e x c e p t  f o r  th e  l e a d  i n  e w e s '  m i l k  d u r in g  
th e  f i r s t  f ew  weeks  o f  l a c t a t i o n .
T h e  l e a r n i n g  a b i l i t y  o f  th e  o f f s p r i n g  was e v a l u a t e d  in  a two 
c h o i c e  v i s u a l  d i s c r i m i n a t i o n  t a s k  when th e  lambs w e re  10  and 15  months 
o l d ;  n e i t h e r  t h e  lam bs n o r  th e  ewes m a n i f e s t e d  any e v i d e n c e  o f  l e a d  
p o i s o n i n g ;  h o w e v e r ,  l e a r n i n g  and v i s u a l  d i s c r i m i n a t i o n  was 
s i g n i f i c a n t l y  r e t a r d e d  i n  th e  lambs f r o m  th e  h ig h  d osag e  g ro u p .
T h ese  f i n d i n g s  a r e  p a r t i c u l a r l y  im p o r ta n t  i n  r e l a t i o n  t o  t h e  p u b l i c  
h e a l t h  p ro b le m  o f  i n c r e a s e d  l e a d  ex j>osure  i n  c h i l d r e n .  P r e - n a t a l  
a c c u m u la t i o n  o f  o n l y  3 5ug/ loO m l.  b l o o d  was s u f f i c i e n t  t o  c a u s e  marked 
r e t a r d a t i o n  i n  l e a r n i n g .
T h i s  i s  v e r y  s i g n i f i c a n t  in  s e t t i n g  th e  up p er  l i m i t  o f  a c c e p t a b l e  
b l o o d  l e a d  c o n t e n t  a t  3t |uo/ lbO m l. b l o o d  f o r  p r e g n a n t  women.
S i l b e r g e l d  e t  a l  (1 9 7 /‘ b )  e xposed  m ic e  t o  l e a d  from  b i r t h ,  
th r o u g h  t h e i r  m o t h e r ' s  m i lk  and a t  w ean in g  d i r e c t l y  th ro u gh  th e  d r in k in g  
w a t e r .  They  fou n d  a s i g n i f i c a n t  b e h a v i o u r a l  d i s o r d e r  i n  m ic e  i . e .  a 
s i g n i f i c a n t  i n c r e a s e  i n  th e  l e v e l  o f  m o to r  a c t i v i t y .  The h y p e r a c t i v i t y  
p e r s i s t e d  from  b i r t h  f o r  a t  l e a s t  150 d a y s .  Lead in du ced  h y p e r a c t i v i t y  
was n o t  a p p a r e n t l y  d o s e - r e l a t e d  and t h i s  s u g g e s t s  t h a t  i n c r e a s e s  in  
m o to r  a c t i v i t y  may b e  an e a r l y  symptom o f  lo w  l e v e l  l e a d  p o i s o n i n g .
S o b o tk a  e t  a l  (1 9 7 5 )  r e p o r t e d  on e f f e c t s  o f  " s u b - n e u r o t o x i c "  l e v e l s  
o f  l e a d ,  i . e .  l e v e l s  n o t  p ro d u c in g  o v e r t  s i g n s  o f  th e  n e r v o u s  sys tem  
in v o l v e m e n t .  They  i n t u b a t e d  n e o n a ta l  r a t s  w i t h  l e a d  and n o t e d  s u b t l e  
b e h a v i o u r a l  c h a n ges  i n v o l v i n g  an i n a b i l i t y  t o  a l t e r n a t e  i n a p p r o p r i a t e  
b e h a v i o u r  i n  a tw o -w ay  s h u t t l e  o r  a h a b i t —r e v e r s a l  o p e r a n t  t a s k .  The
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s p e c i f i c i t y  o f  t h e s e  c e n t r a l  d i s f u n c t i o n s  was such t h a t  m otor  a c t i v i t y  
was n o rm a l ,  s t r e s s  r e s p o n s i v e n e s s  rem a ined  u n a f f e c t e d  and s im p le  
l e a r n i n g  a b i l i t y  was com parab le  t o  t h a t  o f  c o n t r o l s .
The i n d i c a t i o n  f o r  a c e n t r a l  n e u ro - c h e m ic a l  d i s f u n c t i o n  was th .a t  o f  
d i s f u n c t i o n  o f  t h e  c h o l i n e r g i c  s y s tem .  These  were  a s s o c i a t e d  w i th  
i n h i b i t i o n  o f  b l o o d  aL a -D a c t i v i t y ,  r e d u c t i o n  o f  b r a in  ALA-1) a c t i v i t y ,  
m o d e ra te  r e d u c t i o n  o f  h e m a to c r i t  and h aem og lob in .
9 . 'A.4 . 3 . B e h a v io u r a l  changes in  a d u l t s
The p r e s e n t  c h a p t e r  r e v i e w s  th e  l i t e r a t u r e  on psycho inotor  
d i s t u r b a n c e s ,  s u b j e c t i v e  d i s t u r b a n c e s ,  p s y c h o l o g i c a l  and p e r i p h e r a l  
n e r v o u s  d i s t u r b a n c e s ,  v i s u a l  d i s t u r b a n c e s  and the  chan ges  r e s u l t e d  f ro m  
com bined  a c t i o n  o f  smoking and l e a d ,  ano d r in k in g  and l e a d .
9 *A • ■'»• 3• 1 .  Pnychomotor  iH s tu r o in c  ;a
P sych om oto r  s t u d i e s  have  a l o n g  h i s t o r y  g o in g  back  t o  18 90 , when 
r e s e a r c h e r s  i n c lu d e d  s im p le  motor s k i l l  t e s t s  in  t h e i r  i n v e s t i g a t i o n s  
o f  " m e n ta l "  a b i l i t y  (F le ish m a n ,  1 9 5 3 ) .  The t e s t s  o f  m otor  s k i l l s  w e r e  
d e s i g n e d  t o  i n v e s t i g a t e  s im p le  m oto r  a b i l i t i e s  and th e  f a c t o r s  u n d e r l y i n g  
i n d i v i d u a l  d i f f e r e n c e s .  S ea sh o re  e t  a l  (1 9 5 1 )  showed th a t  in  f i n e  m o to r  
s k i l l s  th e  s en s e  employed  i s  o f  m o d era te  s i g n i f i c a n c e ,  th e  m u s c u la tu r e  
em p loyed  i s  o f  v e r y  s l i g h t  s i g n i f i c a n c e ,  and th e  p a t t e r n  o f  movement 
i n v o l v e d  i s  l i k e l y  t o  be th e  most im p o r ta n t  f a c t o r .
In  th e  f i e l d  o f  motor a b i l i t y  th e  s u b j e c t  t e s t e d  i s  g e n e r a l l y  
p r e s e n t e d  w i t h  some s ta n d a rd is e d  t a s k  in  wh ich  he must r e sp o n d  by means 
o f  c e r t a i n  m u scu la r  a c t i v i t i e s .  The term "m o to r "  r e f e r s  p r i m a r i l y  t o  
t h e  muscu lar  a c t i v i t i e s  wh ich  can be measured . In  t h i s  t a s k  th e  s u b j e c t  
i s  r e s p o n d in g  t o  some s im p le  o r  com p lex  s t im u lu s  s i t u a t i o n ,  h ence  t h e
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te rm  " p e r c e p t u a l - m o t o r "  o r  " p s y c h o m o to r "  i s  o f t e n  u sed .
The  d i s t i n c t i o n  b e t w e e n  p e r c e p t u a l  and m oto r  s k i l l s  i s  a  somewhat 
a r b i t r a r y  o n e ,  each  c l a s s  o f  s k i l l s  b e in g  r e p r e s e n t e d  in  v a r y i n g  
d e g r e e  in  th e  p e r f o rm a n c e  o f  d i f f e r e n t  t a s k s  (K le i s h m a n ,  1 9 5 3 ) .
A p t i t u d o  t e s t i n g  in  t h e  a r e a  o f  p s y c h o m o to r  a b i l i t y  has c o n s i s t e d  o f  
i n d i v i d u a l  a p p a ra tu s  t e s t s ,  w h ere  t h e  p r im a r y  i n t e r e s t  i s  i n  th e  m oto r  
a s p e c t  o f  th e  s u b j e c t  r e s p o n s e s .  Each t e s t  c o n s i s t s  o f  a t a s k  u n i t  (w h ich  
th e  s u b j e c t  o p e r a t e s )  and a c o n t r o l  u n i t  w h ic h  c o n s i s t s  o f  t h e  t im in g  
a p p a ra tu s  and c o u n t e r s  w h ich  r e c o r d  the  s c o r e s  and s w i t c h e s  w h ich  th e  
e x a m in e r  u se s  t o  c o n t r o l  th e  t e s t i n g  p e r i o d .
The p sych om oto r  t e s t s  i n c lu d e  such m easurements  as r e a c t i o n  t im e  
t o  e l e c t r i c a l ,  v i s u a l  and a u d i t o r y  s t i m u l i ,  k ey  t a p p in g ,  t w o - p l a t e  
t a p p in g ,  t r e m o r ,  f i n g e r  d e x t e r i t y ,  p r e c i s i o n  and movement a im in g .  R e g a rd in g  
i n o r g a n i c  l e a d  e x p o s u r e  and p sych om oto r  t e s t s ,  t h e  l i t e r a t u r e  on t h i s  
s u b j e c t  i s  s p a r s e .
M easu r in g  n e u r o l o g i c a l  e f f e c t s  o f  l e a d  in  t a s k s  th a t  r e q u i r e  r a p i d  
p sych om oto r  r e s p o n s e s  g o e s  back a s  f a r  as  195^, when Cupcea e t  a l  
s t u d i e d  70  l e a d  e x p o s e d  w o rk e r s  d i v i d e d  i n t o  t h r e e  g rou ps  by  th e  l e n g t h  
o f  e xp o su re  t o  l e a d ,  and  t e s t e d  f o r  t h e i r  r e a c t i o n  t im es  t o  spoken  w o rd s ,  
v i s u a l  and e l e c t r i c a l  s t i m u l i .  T h e y  fou nd  th a t  th e  l a t e n t  p e r i o d s  o f  
t h e  m oto r  a c t s  and t h a t  o f  th e  g a l v a n i c  r e f l e x  w e re  l o n g e r  i n  l e a d  
e xp o se d  p e o p l e ,  b e g i n n i n g  w i t h  t h e i r  f i r s t  y e a r  o f  e xp o su re  when th e y  
do n o t  have  any o t h e r  s i g n s  o r  symptoms o f  l e a d  p o i s o n in g .
B o y a d z h ie v  e t  a l  ( 1962 )  r e p o r t e d  on ch a n ges  o f  th e  l a t e n t  p e r i o d  
and th e  v e l o c i t y  o f  l o c o m o t o r  r e a c t i o n s  f o l l o w i n g  l i g h t  and sound 
s t i m u l i  a s  c r i t e r i o n  o f  e a r l y  f u n c t i o n a l  ch a n ges  o f  t h e  c e r e b r a l  c o r t e x .
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On a g ro u p  o f  136  w o rk e r s  from  an a c c u m u la to r  f a c t o r y ,  th e  l a t e n t  p e r i o d  
and th e  v e l o c i t y  o f  l o c o m o to r  f u n c t i o n  was checked  by  th e  chromo 
r e f l e x o g r a p h  m o d i f i e d  by th e  a u th o r s .  The  r e s u l t s  showed t h a t  th e  l a t e n t  
p e r i o d  was l e n g th e n e d  i n  men w i t h  symptoms o f  l e a d  p o i s o n i n g  o f  a l l  
d e g r e e s  and was c o r r e l a t e d  w i t h  age  and l e n g t h  o f  e x p o s u r e .  The au th o rs  
s t r e s s e d  th a t  th e  r e s u l t s  o f  th e s e  t e s t s  may s e r v e  as  r e l i a b l e  e a r l y  
c r i t e r i a  o f  l e a d  p o i s o n in g  and shou ld  be e v a lu a t e d  a lw a y s  i n  p a r a l l e l  
w i t h  th e  c l a s s i c  s i g n s  o f  s a tu rn ism .
H ub ino e t  a l  (1 9 6 5 )  i n  a s tudy  o f  e a r l y  d i a g n o s i s  o f  l e a d  p o is o n in g  
w i t h o u t  n e u r o l o g i c a l  o r  e l e c t r o m y o g r a p h ic  a l t e r a t i o n s ,  a p p l i e d  a new 
n e u r o —p h y s i o l o g i c  method o f  t e s t i n g  th e  l a t e n t  t im e  o f  t h e  p a t e l a r  r e f l e x  
u s in g  an a p p a ra tu s  c o n s i s t i n g  o f  a s t i m u l a t i o n ,  s u r f a c e  e l e c t r o d e s  and an 
e l e c t r o - m y o g r a p h .
T r a c i n g s  o f  18 l e a d  p o is o n ed  s u b j e c t s  and 25 c o n t r o l s  r e v e a l e d  th a t  
t h e  l a t e n t  t im e  o f  j i a t e l a r  r e f l e x  was s i g n i f i c a n t l y  i n c r e a s e d  in  8 c a s e s ,  
none  o f  whom showed a l t e r a t i o n s  o f  th e  r e f l e x e s  o r  p o s i t i v e  s i g n s  in  
e l e c t r o m y o g r a p h y .  The a v e r a g e  l a t e n t  t im e  in  th e s e  c a s e s  was 133 m .se c .  
w h ich  i s  g r e a t l y  i n  e x c e s s  o f  th e  norm al l i m i t  o f  11^ m . s e c .  T h is  
r e t a r d a t i o n  o f  t h e  c o n d u c t io n  o f  th e  n e r v o u s  im pu lse  i s  t h e  e a r l i e s t  
o b j e c t i v e  s i g n  o f  th e  p a th o g e n ic  e f f e c t  o f  l e a d .
M i lb u rn  (1 9 7 3 )  and M i lb u rn  e t  a l  (1 9 7 6 )  r e p o r t e d  on t h r e e  
p e r fo rm a n c e  t e s t s  used  i n  l e a d  exposed  w o rk e r s  as t e s t s  f o r  s u b c l i n i c a l  
n e u r o l o g i c a l  e f f e c t s  o f  in o r g a n i c  l e a d .  The t h r e e  t e s t s  w e r e :  th e  
tw o  f l a s h  f u s i o n  t h r e s h o l d ,  r e a c t i o n  t im e  t o  a tou ch  s t im u lu s  ( e l e c t r i c a l )  
and t h e  r a t e  a t  w h ich  hand g r i p  p r e s s u r e  i s  d e v e l o p e d .  The  th r e e  
p e r fo rm a n c e  t e s t s  r e v e a l e d  no d i f f e r e n c e s  between th e  l 6  exposed  men and
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15 c o n t r o l s .
C h a f f i n  e t  a l  (1 97 3 )  p r e s e n t e d ,  f o r  t h e  f i r s t  t im e  i n  th e  f i e l d  o f  
o c c u p a t i o n a l  m e d e c in e ,  a b a t t e r y  o f  p s ych o rao to r  t e s t s  used  in  an 
e v a l u a t i o n  o f  t h e  e f f e c t s  o f  i n d u s t r i a l  m e rc u ry  e x p o s u r e .  T h e i r  aim 
was  a m a jo r  l o n g  term  o b j e c t i v e  in  d e v e l o p i n g  p sych om oto r  t e s t i n g  
m e th o d o lo g y  f o r  n e u r o t o x i c  e f f e c t s ,  and t o  use th e  r e s u l t s  t h e m s e l v e s  
a s  a means o f  c o n t r o l l i n g  t h - i n d i v i d u a l  w o r k e r s '  e x p o s u r e .  The 
t e s t s ,  l a t e r  u s e d  on l e a d  exposed  w o r k e r s ,  shou ld  be  made s u f f i c i e n t l y  
s e n s i t i v e  and s e l e c t i v e  io d e t e c t  th e  f i r s t  s u b t l e  e f f e c t s  o f  m ercu ry  
p o i s o n i n g  s o  t h a t  e x c e s s i v e l y  e xp osed  i n d i v i d u a l s  can  be i d e n t i f i e d  
f r o m  th e  s c o r e s ,  and then  removed from e x p o s u r e  b e f o r e  s e r i o u s  e f f e c t s  
o c c u r .  The t e s t s  used  i n  t h e i r  work  w e r e :  s u r f a c e  e l e c t r o m i o g r a p h y ,
f o r e a rm  t r e m o r ,  s im p le  r e a c t i o n  t im e ,  t w o - c h o i c e  d e c i s i o n  t im e ,  l i n g e r  
and t o e  t a p p in g  s p e ed .  They showed t h a t  m o to r  f u n c t i o n s  such a s  t r e m o r ,  
e l e c t r o m y o g r a p h y ,  ta p p in g  speed  w e re  t h e  most a f f e c t e d  by  i n c r e a s e d  
m ercu ry  e x p o s u r e .
I lepko e t  a l  (1 9 7 4 )  u s in g  a s i m i l a r  b a t t e r y  o f  p sycb om oto r  t e s t s  
a s  C h a f in  e t  a l  (1 97 3 )  in  s t u d i e s  on l e a d  exposed  w o rk e r s  w i t h  b l o o d  
l e a d  l e v e l s  up t o  lUOug/100ml. ,  r e p o r t e d  on a t o t a l  o f  8C b e h a v i o u r a l  
m easures  f r o m  th e  p er fo rm a n ce  o f  12  d i f f e r e n t  p e r fo rm a n c e  t a s k s .
The s t r o n g e s t  r e l a t i o n s h i p  b etw een  b o d y  burden o f  l e a d  and 
f u n c t i o n a l  c a p a c i t y  o c c u r r e d  w i th  t e s t s  o f  n eu ro—m uscu la r  f u n c t i o n .
The  s p e c i f i c  c o r r e l a t i o n s  show th a t  w i t h  i n c r e a s e s  i n  body  burden  o f  
l e a d ,  f u n c t i o n a l  c a p a c i t y  d e c r e a s e d  in  t e r m s  o f  t r e m o r  and e y e —hand 
c o - o r d i n a t i o n  and in c r e a s e d  in  te rm s  o f  m u scu la r  g r i p  s t r e n g t h .
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I n  a d d i t i o n ,  t h e  d a t a  s u g g e s t s  t h a t  t h e s e  chan ges  began  t o  o ccu r  a t  
b l o o d  l e a d  l e v e l s  as  low  as  70- 79ug/tOOml.
9• 2 • lk. 3 • 2 . S u b j e c t i v e  d i s t u r b a n c e s
The s ym p to m a to lo g y  o f  l e a d  p o i s o n in g  i s  p r o t e a n  und may be 
r e l a t e d  t o  n e a r l y  e v e r y  o r g a n  i n  th e  b od y .  The pu rpose  o f  th e  p r e s e n t  
p a ra g rap h  i s  n o t  a r e v i e w  o f  th e  symptoms p roduced  by l e a d ,  but o f  some 
s u b j e c t i v e  symptoms p o s s i b l y  c o n n e c t ed  w i t h  our b a t t e r y  o f  p e r fo rm a n ce  
t e s t s .  Kehoe  ( 1 9 7 2 ) ^ in  a r e v i e w  o f  c l i n i c a l  l e a d  p o i s o n in g  d i v i d e d  
th e  t y p e s  o f  c l i n i c a l  symptoms in  t h r e e  c a t e g o r i e s :  a l im e n t a r y ,  n eu ro ­
m uscu la r  and e n c e p h a l i t i c ,  and s p e c i f i e d  th a t  th e  l a s t  one i s  v e r y  
r a r e  in  our t i m e ,  i n  a d u l t s .
No c o n t r o l l e d  e p i d e m i o l l o g i c a l  s t u d i e s  have been  found in  th e  
l i t e r a t u r e  i n  w h ich  s u b j e c t i v e  symptoms in  l e a d  p o i s o n in g  were  
q u a l i t a t i v e l y  o b s e r v e d  in  r e l a t i o n  t o  l e a d  d o s e .
S ak u ra i  e t  a l  ( l ' » 7 /*) r e p o r t e d  on a work  abou t th e  s u b j e c t i v e  symptoms 
i l l  l e a d  e xp o se d  w o r k e r s  w i t h  l e v e l s  o f  l e a d  up t o  5^uij/ltXiml. b l o o d .  They 
used a q u e s t i o n n a i r e  d e s i g n e d  no t  o n ly  f o r  th e  e x a m in a t io n  o f  l e a d  w o rk e rs ,  
bu t  a l s o  f o r  w o rk e r s  who d e a l  w i t l i  s e v e r a l  o t h e r  i n d u s t r i a l  c h e m ic a l s .  Twenty 
s i x  from  th e  t o t a l  o f  243 q u e s t i o n s  w e re  a l l o c a t e d  t o  th e  f o l l o w i n g  le a d  
a s s o c i a t e d  synpt.oms: c o n s t i p a t i o n ,  abdom ina l c o l i c ,  e x t e n s o r  p a r u l y s i s ,  
p a r e s t h a e s i a  h y p e r a e s t h e s i a ,  t r e m o r ,  decretase  in  g r a s p in g  powtir, 
a r t h r a l g i a ,  h e a d a c h e ,  in so m n ia ,  v e r t i g o ,  l o s s  o f  a p p e t i t e ,  l o s s  o f  
w e i g h t ,  n au sea ,  v o m i t i n g ,  f a t i g u e .  When th e  l e a d  grou p  and th e  c o n t r o l  
g ro u p  w e re  com parad  as  a w h o le ,  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  
w e re  o b s e r v e d  in  l e a d  symptoms v e r s u s  t o t u l  symptoms. T he re  was no d os e -
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r e l a t e d  i n c r e a s e  i n  s u b j e c t i v e  symptoms up t o  a b l o o d  l e a d  l e v e l  o f  
ab o u t  50u g / l 00m l.
9 . 2 . 4 . 3 . 3 . P s y c h o l o g i c a l  d i s t u r b a n c e s
Among th e  p s y c h o l o g i c a l  d i s t u r b a n c e s  in  l e a d  e x p o s e d  p e o p l e  
t h a t  o f  p e r s o n a l i t y  and b e h a v io u r  a r e  more o f t e n  r e p o r t e d .
B y e r s  and L o r d  (1 9 4 3 ) ,  Goodman and Gilman ( 19 6 5 )  r e p o r t e d  in  
t h e i r  s t u d i e s  such symptoms as  i r r i t a b i l i t y  and lack, o f  c o - o p e r a t i o n  
in  g rou ps  o f  l e a d  e x p o se d  w o rk e r s  w i t h  d i f f e r e n t  l e v e l s  o f  e x p o s u r e ;  
h o s t i l i t y ,  h y p e r r e a c t i v i t y  and m oodiness  r e p o r t e d  b y  l l y e r s  ( 1 9 4 3 ) ,  
h o s t i l i t y ,  d e p r e s s i o n  and g e n e r a l  d y s p h o r ia  r e p o r t e d  b y  Kepko ( 19 7 6 ) ,  
p s y c h o - n e u r o s i s  r e p o r t e d  by Ambrosi and S e c c h i  ( i 9 6 0 ) .
K e rn a n d ez  ( 1 9 6 7 ) m en t ion ed  s a tu rn in e  n n u r a s t h e n ia ,  a n e u r o s i s  
w i t h  d i s t i n c t  p s y c h i c  symptoms such as d e l i r i u m ,  p s y c h o - m o to r  a g i t a t i o n ,  
p sych o -syn d rom e  t o  d em e n t ia  and K o r s a k o f f  p s y c h o s is  w i t h  am nes ia ,  
s u g g e s t i b i l i t y  and f a b u l l a t i o n .  K o r o le n k o  e t  a l  ( 1 9 7 3 )  r e p o r t e d  
among p s y c h i c  d i s o r d e r s  i n  l e a d  w o rk e rs  c e r e b r a l  a s t h e n i a  w i t h  s i g n s  
r a n g in g  f rom  h ea d a ch e ,  v e r t i g o ,  l o s s  o f  memory t o  e x c e s s i v e  i r r i t a b i l i t y ,  
e m o t io n a l  l i a b i l i t y  and f o r  some a t t a c k s  o f  a la rm  an d  a n x i e t y ,  f e a r  o f  
n o i s e .
Ursan and S u c iu  ( 19 6 5 ) r e p o r t e d  h eadache ,  e x c i t a t i o n  and c e r e b r o -  
a s t h e n i c  syndrom e,  i n c l u d i n g  in som n ia ,  in  a group  o f  l e a d  w o rk e rs  
e xp o sed  c h r o n i c a l l y  t o  l e a d .  Aub e t  a l  (1926 )  r e p o r t e d  a l t e r a t i o n  in  
m en ta l  a t t i t u d e ,  such  as  g e n e r a l  s lu g g i s h n e s s  and d u l l n e s s  o f  m e n t a l i t y ,  
r e s t l e s s n e s s ,  i r r i t a b i l i t y ,  in som n ia  o r  d i s t u r b e d  s l e e p  w i th  bad d ream s, 
l o s s  o f  a b i l i t y  t o  c o n c e n t r a t e  and v e r t i g o .
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T a n q u e r e l  ( lO ' i d )  and H am il ton  ( 1029 ) s t u d i e d  th e  f r e q u e n c y  o f  
h ea d a ch e  and d e s c r i b e d  i t  as  b e in g  l o c a l i s e d  c h i e f l y  t o  the  o c c i p i t a l  
and t e m p o r a l  r e g i o n s  and o c c a s i o n a l l y  in  th e  f r o n t a l  r e g i o n s  and v e r t e x ,  
b e in g  d u l l  o r  t h r o b b in g  and b e in g  accom panied  by d i z z i n e s s ,  f a i n t n e s s ,  
e m o t i o n a l  and n e r v o u s  e x c i t e m e n t .
H e p k o  e t  a l  (197**) r e p o r t e d  in  t h e i r  s tu d y  on b e h a v i o u r a l  e f f e c t s  
o f  o c c u p a t i o n a l  e xp o su re  t o  l e a d ,  t h a t  l e a d  e x p o s u re  up t o  lOOug/lCOml. 
b lo o d  i s  r e l a t e d  to  an in c r e a s e d  d e p r e s s i o n  and on th e  a v e r a g e  th e  
p s y c h o l o g i c a l  im p ac t  o f  w o rk in g  in  a le a d e d  e n v i ro n m e n t  i s  on e  o f  
i n c r e a s e d  h o s t i l i t y ,  d e p r e s s i o n  and g e n e r a l  d y s p h o r ia .
A l l  th e  s t u d i e s  r e p o r t e d  had been  r e l a t e d  t o  r a t h e r  h e a v y  and c h r o n i c  
e x p o s u r e  t o  i n o r g a n i c  l e a d .  In  a  lo w ,  c h r o n i c  e xp osu re  i t  i s  e x p e c t e d  t o  meet 
m inor d i s t u r b a n c e ? ,  such as h eadach e ,  i r r i t a b i l i t y ,  v e r t i g o ,  t h a t  may have  
e f f e c t ,  o n  e v e r y  day  l i f e  and w o r k i n g  r e l a t i o n s .  In d e e d ,  i t  i s  v e r y  
d i f f i c u l t  t o  d i a g n o s e  le a d  p o i s o n in g  based o n l y  on th o s e  symptoms and 
th e  p r o b l e m  i s  t o  d e v e l o p  p s y c h o l o g i c a l  methods o f  t e s t i n g  p e o p l e  w i th  
s u b - c l i n i c a l  l e a d  e x p o su re ,  s e n s i t i v e  enough t o  p i c k  tip such sm a l l  
d i f f e r e n c e s  in  p e o p l e ' s  b e h a v io u r .
i la n n in e n  ( 19 7 2 ) d e v e lo p e d  a b a t t e r y  o f  p s y c h o l o g i c a l  t e s t s  wh ich  
p ro v e d  t h e i r  v a l i d i t y  in  d e t e c t i n g  m a n i f e s t  and l a t e n t  e f f e c t  o f  ca rbon  
d i s u l p h i d e .  S u b s e q u e n t l y , th e  d i a g n o s t i c  v a l i d i t y  o f  t h a t  b a t t e r y  o f  
t e s t s  h a s  been  p r o v e d  w i t l i  r e g a r d  t o  l e a d  p o i s o n in g  in  a s tu d y  o f  **8 
l e a d  p o i s o n i n g  c a s e s  r e p o r t e d  by P a r la n d  ( 1 9 7 2 ) .
S e p p a l a i n e n  (197**) in  h e r  r e p o r t  on b e h a v i o u r a l  t o x i c o l o g i c  methods 
f o r  a s s e s s i n g  c h r o n i c  exp o su re s  m en t ion ed  t h a t  p s y c h o l o g i c a l  measures
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a r e  v e r y  good  i n  t e s t i n g  th e  s h o r t  te rm  e x p o s u r e  and have  been  u s e fu l  
i n  show ing  e f f e c t s  o f  low  c o n c e n t r a t i o n s  o f  t o x i c  s u b s ta n c e s .  H o w e ve r ,  
i f  somebody i s  d e a l i n g  w i th  c h r o n i c  e x p o s u r e  and exp o su re  t o  s e v e r a l  
d i f f e r e n t  s u b s t a n c e s ,  as happens i n  i n d u s t r y ,  t h e r e  i s  need  f o r  
a d d i t i o n a l  s e n s i t i v e  methods t o  show c h a n g es  in  th e  fu n c t i o n s  o f  
n e r v o u s  c o n t r o l  s y s tem s  based  on n e u r o p h y s i o l o g i c a l  and b e h a v io u r a l  
m e th ods .
9 . 2 . 4 . 3 > /*> P e r i p h e r a l  nervous  d i s t u r b a n c e s
As s t a t e d  by  Kehoe  (1972 )  th e s e  d i s t u r b a n c e s  o r e  more f r e q u e n t  
i n  th e  i n d u s t r i a l  l e a d  p o i s o n in g  o f  our t im u  than the  c e n t r a l  n e r v o u s  
d i s t u r b a n c e s  such a s  e n c e p h a lo p a th y .
The n eu ro -m u s c u la r  in v o lv e m e n t  a p p e a r s  o f t e n  in  c h r o n i c  e x p o su re  
t o  l e a d  and i s  t r a n s l a t e d  by s en s o r y  d i s t u r b a n c e s ,  p a r e s i s  o f  e x t e n s o r  
m u n d e s  o f  th e  arm, l e g ,  f o o t  t r a n s l a t e d  b y  s u p e r f i c i a l  hypo o r  
h y p e r a s t h a e s i a ,  som et im es  p a tc h e s  o f  a n a l g e s i a  o v e r  th e  a r e a s  i n v o l v e d  
o r  a n e s t h e s i a ,  c ram ps ,  p in s  and n e e d l e s ,  p a in s ,  in c r e a s e d  m uscular t o n e ,  
w e a k n es s ,  f a t i g u e ,  i n c r e a s e  r e f l e x e s  in  e x t r e m i t i e s  e s p e c i a l l y  in  
l e g s  (H rodan  and S u c iu ,  19^*7) •
P a r a l y s i s  may o ccu r  su d d en ly  bu t  o f t e n  d e v e l o p s  g r a d u a l l y ;  i t  
v a r i e s  i n  s e v e r i t y  from  s l i g h t  weakness  t o  t o t a l  l o s s  o f  pow er ,  i . e .  
" w r i s t  d r o p " .  P a r a l y s i s  b e g in n in g  i n  one  musc le  g rou p  may rem ain  
l o c a l i s e d  o r  may i n v o l v e  e v e n t u a l l y  th e  e n t i r e  b od y .
C antarow  and Trumper (1 9 /*^) c l a s s i f i e d  the  p a r a l y s i s  i n  c h r o n i c  
l e a d  p o i s o n in g  i n t o  f o u r  t y p e s :
1 )  A n t i - b r a c h i a l  t y p e  p rodu ces  th e  s o - c a l l e d  " w r i s t  d r o p "  i n  wh ich  
th e  e x t e n s o r  communi d i g i t o r u m  i s  f i r s t  a f f e c t e d .  I t  c o u ld  be
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accom pan ied  by  a t r o p h y ,  t w i t c h i n g  and t r em o r  o f  th e  a f f e c t e d  
m u s c l e s .
2 )  B r a c h i a l  t y p e  w h ich  a f f e c t s  th e  d e l t o i d ,  b i c e p s ,  b r a c h i l i s  a n t i c u s  
and s u p in a t o r  l o n g u 3 . I t  o c c u r s  p a r t i c u l a r l y  in  o c c u p a t i o n s
w i t h  h e a v y  l i f t i n g .
3 )  A r ran -U u ch en ne  p a r a l y s i s  wh ich  i s  an a t r o p h y ,  weakness  o r  
p a r a l y s i s  o f  th e n a r  and h yp o t l ien a r  em in en ces ,  p ro d u c in g  th e  s o -  
c a l l e d  " s i m i a n "  h an d .
4 )  P e r o n e a l  t y p e ,  i n v o l v e s  l a t e r a l  p e r o n e a l  m u sc les ,  th e  common e x t e n s o r  
o f  t h e  t o e s  and e x t e n s o r  o f  t h e  g r e a t  t o e  and as a r e s u l t  d o r s a l  
f l e x i o n  o f  t h e  f o o t ,  a b d u c t io n  o f  th e  f o o t  and e x t e n s i o n  o f  th e  d o r s a l  
p h a la n g e s  o f  th e  t o e  cannot be  accom pan ied .
U r3an and S u c iu  (1 9& 5 )  r e p o r t e d  th e  r e s u l t s  o f  a n e u r o l o g i c a l  
i n v e s t i g a t i o n  on a g r o u p  o f  l e a d  w o rk e r s  and summarised t h e i r  f i n d i n g s  
a s  f o l l o w s :  in  c h r o n i c  l e a d  p o i s o n in g  th e  p o l y n e u r i t i c  syndrome wh ich  
was n o t  p ro n o u n ced ,  i n v o l v e d  m a in ly  t h e  l o w e r  l im b s ;  i t  s t a r t e d  u s u a l l y  
i n  t h e  n e u r o - v e g e t a t i v e  fo rm  and p assed  i n t o  a s om a t ic  and s e n s o r y  fo rm .
No c a s e  o f  p a r e s i s  o f  t h e  r a d i a l  n e r v e  was o b s e r v e d .
On th e  o t h e r  hand .  Ambrosi e t  S e c c h i  (1 9 0 8 )  r e p o r t e d  on a g rou p  
o f  w o rk e r s  w i t h  c h r o n i c  l e a d  p o i s o n in g  who d e v e lo p e d  n e u r i t i s  and p o l i n e u r i t i s  
and in  whom th e  b i l a t e r a l  in v o lv e m e n t  o f  th e  r a d i a l  n e r v e  was th e  most 
p ro m in en t  c l i n i c a l  f e a t u r e .
L e g g e  (1 9 2 9 )  d e s c r i b e d  in  c h r o n i c  l e a d  p o i s o n in g  d i s t u r b a n c e s  o f  
s e n s a t i o n s  o v e r  th e  a f f e c t e d  a r e a s  i n c l u d i n g  numbness, t i n g l i n g ,  
f o r n i c a t i o n ,  a n a e s t h e s i a ,  a n a l g e s i a  and r a r e l y  h y p e r a s t h e s i a .
L i v e s l e y  and S i s s o n s  (1 96 8 )  r e p o r t e d  on a ca s e  o f  c h r o n i c  l e a d
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i n t o x i c a t i o n  m im ic k in g  m oto r  neurone  d i s e a s *  The symptoms fou nd  in  
t h a t  c a s e  w e re  s p a s t i c  g a i t ,  l e f t  f o o t - d r o p ,  i n c r e a s e  in  t o n e  o f  a l l  
l im b s ,  h y p e r - r e f l e x i a ,  knee  and a n k le  c l o n u s .  Cam pbe ll  and W i l l i a m s  
( 19 6 8 )  r e p o r t e d  on a s u r v e y  o f  c a s e s  o f  m o to r  neurone  d i s e a s e  and found 
t h a t  th ro u gh o u t  B r i t a i n  175® o f  c a s e s  ga ve  a h i s t o r y  o f  known c o n t a c t  
w i t h  l e a d  in  th e  p a s t .
U s u a l l y  m o to r  n eu ron e  d i s e a s e  shows i t s e l f  l o n g  a f t e r  t h e  a c tu a l  
e x p o su re  t o  l e a d .  T h ey  c o n c lu d ed  th a t  even  th e  e t i o l o g i c  c a u s e  o f  
m o to r  neu rone  d i s e a s e  i s  n o t  known, l e a d  i s  one o f  th e  im p o r ta n t  
f a c t o r s  t o  b ea r  i n  mind f o r  p a t i e n t s  w i t h  t h i s  d i s e a s e .
9 « 2 . 4 . 3 * 5 »  V i s u a l  d i s t u r b a n c e s
Symptoms o f  th e  e y e s  in v o lv e m e n t  i n  l e a d  p o i s o n in g  c o u ld  be 
som et im es  th e  most s t r i k i n g  m a n i f e s t a t i o n .  Cantarow  and I ru m per  (19-.4) 
r e p o r t e d  s co to m a ta  f o r  c o l o u r  and fo rm ,  c o l o u r  f l a s h e s ,  v i s u a l  
h a l l u c i n a t i o n s ,  n a r r o w in g  o f  th e  v i s u a l  f i e l d s  and som et im es  b l in d n e s s  
w h ich  may come s u d d e n ly  and be  c o m p le te  in  a few  h ours  and may d is a p p e a r  
as  r a p i d l y .  T h ese  symptoms may o ccu r  n o t  o n l y  w i th  th e  o v e r t  symptoms 
o f  l e a d  p o i s o n i n g ,  b u t  a l s o  in  th e  ab sence  o f  o th e r  symptoms (U a gh d a ss a r ia n ,
1968 ) .
As Lan ge  ( 19C9 )  and H e ln i c o v a  ( l 9G^i) r e p o r t e d ,  l e a d  c o u ld  e f f e c t  
th e  v i s u a l  sys tem  th rou gh  th e  o p t i c a l  n e r v e  r e s u l t i n g  i n  l e a d  o p t i c  
n e u r i t i s ,  v i a  the  c i r c u l a t o r y  sys tem  as  a r e s u l t  o f  haemmorrhages 
in  t h e  r e t i n a ,  on i n t r a - o c u l a r  t e n s io n  r e s u l t i n g  g laucom a and p a r a l y s i s  
o f  i n t r i n s i c  and o c u l o —m otor m usc les  o f  th e  e y e .  All e a r l y  s i g n  o f  l e a d
l
p o i s o n in g  has been  d e s c r i b e d  by Sonk in  ( 1 9 6 3 ) , a s  a g r e y i s h  s t i p p l i n g  
o f  t h e  r e t i n a .
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9 . 2 . 4 . 3 *6 . C a s t r o  i n t e s t i n a l  d i s tu rb a n c e s
T h e s e  c o m p la in t s  a r e  p r o b a b ly  th e  m ost common p r e s e n t i n g  symptoms 
i n  s u b j e c t s  w i t h  c h r o n i c  l e a d  e x p o su re .  T h ey  a l s o  c o u ld  b e  th e  e a r l i e s t  
s i t e  o f  o b v i o u s  d i s f u n c t i o n  and b o d i l y  d i s t r e s s  (K e h o e ,  19 7 2 ) .
U s u a l l y  t h e r e  i s  a  i n e t a l i c  t a s t e  w h ich  lias b een  a t t r i b u t e d  t o  
some a b n o r m a l i t y  o f  th e  n e r vo u s  mechanism f o r  t a s t e  p e r c e p t i o n  o r  t o  
t h e  p r e s e n c e  o f  l e a d  in  s a l i v a .  T h e re  i s  a l o s s  o f  a p p e t i t e ,  
p a r t i c u l a r l y  i n  t h e  m orn in g ,  which o f t e n  amounts to  a  d i s t i n c t  
a v d r s i o n  t o  c on su m p t ion  o f  f o o d  (S a k u ra i  e t  a l , 197*0* As Aub e t  a l  
( 19 2 6 ) show ed ,  e a r l y  d eran ged  g a s t r i c  f u n c t i o n  may be d e p en d en t  upon 
a b n o r m a l i t y  o f  s e c r e t i o n  and m o t i l i t y  e x p r e s s e d  b y  d i a r r h o e a  w h ich  may 
o c c u r  i n  s m a l l  p r o p o r t i o n  o f  c a s e s ;  c o n s t i p a t i o n  ,wh ich  i s  a r u l e
p a r t i c u l a r l y  b e f o r e  c o l i c .  Nausea o r  v o m i t i n g  c o u ld  ap p ea r  i n  yj-'iO 
p e r  c e n t  o f  c a s e s  in d ep en d en t  o f  c o l i c .
I n  a c u t e  p lu m b isn  t h e r e  may be marked s a l i v a t i o n  w i t h  i n e t a l i c  
o r  b u rn in g  t a s t e  i n  th e  mouth, a c u te  e p i g a s t r i c  p a in ,  h i c c o u g h ,  
v o m i t i n g  and d i a r r h o e a .  The c h a r a c t e r  and s e v e r i t y  o f  t h e s e  m a n i f e s t a t i o n s  
depend  upon th e  i r r i t a t i n g  p r o p e r t i e s  o f  t h e  l e a d  compound i n g e s t e d .
J o h n s to n e  (1 9 6 4 )  summarised th e  a l i m e n t a r y  symptoms o f  t h e  in o r g a n i c  
l e a d  p o i s o n i n g  a s  f o l l o w s :  bad t a s t e  in  t h e  m outh , t e n d e r n e s s ,  
ab d om in a l  p a i n s ,  c o n s t i p a t i o n  and i n f r e q u e n t l y  d i a r r h o e a ,  a n o r e x i a  and 
w e i g h t  l o s s .
9 . 2 . 4 . 4 . B e h a v io u r a l  chan ges  in  c h i l d r e n
B y e r s  and L o r d  (1 9 4 3 )  in  a s tu d y  o f  a g r o u p  o f  c h i l d r e n  su p p o s ed ly  
c u r e d  o f  m i l d  l e a d  p o i s o n in g  found th a t  a h ig h  p r o p o r t i o n  d e v e l o p e d  
perm anent n e u r o l o g i c a l  and b e h a v io u r a l  s e q u e l a e .  T hey  o b s e r v e d  th a t  
t h e  c h i l d r e n  had e d u c a t i o n a l  d i s a b i l i t i e s  r e s e m b l i n g  d y s l e x i a ,  a tendency
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t o  i m p u l s i v e  and v i o l e n t  b e h a v io u r ,  p oo r  t o l e r a n c e  o :r  f r u s t r a t i o n  and 
o t h e r  m a n i f e s t a t i o n  o f  a h y p e r - a c t i v i t y  syndrom.
P e r l s t e i n  and A t t a l a  (1 96 6 )  s tu d i e d  a g rou p  o f  425 c h i l d r e n  
w i t h  c h r o n i c  l e a d  p o i s o n in g  from  whom 39/6 w e re  l e f t  w i th  permanent 
n e u r o l o g i c a l  s e q u e l a e .
C h ish o lm  and K ap lan  ( 1968 ) ^ i n  t h e i r  r e v i e w  o f  th e  c on sequ en ces  
t o  c h i l d h o o d  l e a d  p o i s o n i n g ,  i n d i c a t e  t h a t  th e  r e l a t i o n s h i p  b etween  
d i s f u n c t i o n  o f  c o g n i t i v e ,  b d h a v io u ra l  and s o c i a l  i i e r fo rm a n ce ,  and 
o v e r t  e n c e p h a lo p a th y  i s  u n c e r t a in .  F u r th e rm o re ,  th e s e  r e l a t i o n s h i p s  
a r e  c o m p l i c a t e d  by  t h e  o b s e r v a t i o n  th a t  th e  symptom c l u s t e r s  do n o t  
n e c e s s a r i l y  rem a in  s t a b l e .  F o r  exa m p le ,  as p u b e r t y  a p p ro ach es ,  some 
b e h a v i o u r a l  p ro b le m s  such as  a g g r e s s i v i t y  d i s a p p e a r .  U n f o r t u n a t e l y ,  
it.  i s  a l s o  p o s s i b l e  th a t  the  new prob lem  in  b e h a v io u r  emerge  from  
u n s p e c i f i e d  d e v e lo p m e n ta l  p r o c e s s ,  as  i t  i s  som et im es  seen  in  c h i l d r e n  
s u f f e r i n g  from m in im a l  b r a in  d i s f u n c t i o n ,  a syndrome i n c i d e n t a l l y  
c o m p a t i b l e  w i th  th e  e t i o l o g y  o f  l e a d  p o i s o n in g .
A n t a l  e t  a l  ( 1 9 6 8 ) j i n  a s u rv ey  in  a town where  e x t e n s i v e  le a d  
w o rk in g  was c a r r i e d  on ,  found th a t  c h i l d r e n  w e re  l o s s  d e v e lo p e d  
p h y s i c a l l y  and t h e i r  s c h o l a s t i c  a b i l i t i e s  w ere  l e s s  than a matched 
s e r i e s  o f  c h i l d r e n  f rom  a c o n t r o l  town.
T h e  a tm o s p h e r i c  l e a d  c o n c e n t r a t i o n  in  th e  town ranged  from  
5 .2 - l6 .4 m g/ m 3 w h i l s t  the  c o n t r o l  town l e v . l  was l . lm g/ m 3 . None o f  
th e  c h i l d r e n  had c l i n i c a l  l e a d  p o i s o n in g  but i t  was assumed t h a t  th e  
d i f f e r e n c e s  s een  i n  grow th  and d ev e lop m en t  and in  i n t e l l e c t u a l  
a c h ie v e m e n t  owed t h e i r  o r i g i n s  t o  th e  h i g h e r  l e v e l  o f  l e a d  e x p o s u re .
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P u e s c h e l  (1 9 7 M  r e p o r t e d  on 58 c h i l d r e n  w i t h  an i n c r e a s e d  body 
b u rd en  who u n derw ent c om p re h en s iv e  i n v e s t i g a t i o n s  and w e re  r e —e v a lu a t e d  
1 .5  and 3 y e a r s  l a t e r .  O f  t h e s e  c h i l d r e n  23-27'/» w e re  n o ted  t o  have  
m in o r  n e u r o l o g i c a l  d i s f u n c t i o n  and v a r i o u s  fo rm s  o f  m otor  im p a irm e n t  
d u r in g  e a c h  e v a l u a t i o n .  w h i l e  th e  i n i t i a l  p s y c h o l o g i c a l  a s s e s sm en t  
r e v e a l e d  lo w  a v e r a g e  m en ta l  a b i l i t i e s  i n  th e  m a j o r i t y  o f  c h i l d r e n ,  
d u r in g  f o l l o w - u p  e x a m in a t io n  a s i g n i f i c a n t  i n c r e a s e  i n  c e r t a i n  a r e a s  
o f  i n t e l l e c t u a l  f u n c t i o n i n g  was o b s e r v e d .
K o t o k  (1 9 7 2 )  compared th e  d e v e lo p m e n t  o f  c h i l d r e n  w i th  e l e v a t e d  
b l o o d  l e a d  l e v e l s  w i t h  t h a t  o f  c o n t r o l s .  lie found d e f i c i e n c y  in  f i n e  
m o to r  f u n c t i o n s  and la n g u a g e  d ev e lo p m e n t  in  b o th  g rou ps  and t h e r e  was 
no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e i r  p e r fo rm a n c e .  The au th o r  i n t e r p r e t e d  
h i s  r e s u l t s  as  i n d i c a t i n g  t h a t  t h e  o b s e r v e d  d e v e lo p m e n ta l  l a g  was no t  
due t o  l e a d  t o x i c i t y  but t h e  d e f i c i e n c i e s  wer • d i r e c t l y  r e l a t e d  t o  
i n a d e q u a c i e s  i n  t h e  c h i l d r e n ' s  e n v i r o n m e n t .
D a v id  (1 9 7 4 )  compared a g rou p  o f  h y p e r a c t i v e  c h i l d r e n  w i t h  a non- 
h y p e r a c t i v e  c o n t r o l  group  on two m easu res ,  b l o o d  l e a d  l e v e l s  and p o s t ­
p e n i c i l l a m i n e  u r i n e  l e a d  l e v e l s ,  w h ich  r e f l e c t  th e  p r e s e n c e  o f  body 
l e a d .  He had co n c lu d ed  t h a t  t h e r e  i s  an a s s o c i a t i o n  betw een  
h y p e r a c t i v i t y  and r a i s e d  l e a d  l e v e l s  and th a t  a l a r g e  body l e a d  burden  
may have  c o n s eq u e n ce s  t h a t  have  h i t h e r t o  been  u n r e a l i s e d .  H e  s u g g e s te d  
t h a t  th e  d e f i n i t i o n  o f  wha t i s  a t o x i c  l e v e l  f o r  b l o o d  l e a d  n ee d s  
r e - e v a l u a t i o n  and th a t  t h e  p h y s i c i a n s  shou ld  l o o k  f o r  r a i s e d  l e a d  l e v e l s  
i n  c h i l d r e n  w i t h  h y p e r - r e a c t i v i t y .
Lansdown e t  a l  ( 19 7 '* )  r e p o r t e d  on a l a r g e  g rou p  o f  c h i l d r e n  under
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17 y e a r s  o f  a g e  l i v i n g  in  a w o rk in g  c l a s s  a r e a  e xp osed  t o  undue amounts 
o f  l e a d .  The g r o u p  was exam ined  in  an i n v e s t i g a t i o n  o f  th e  r e l a t i o n s h i p  
be tw een  b lo o d  l e a d  l e v e l s ,  g e n e r a l  i n t e l l i g e n c e ,  r e a d in g  a b i l i t y  and 
r a t e  o f  b e h a v io u r  d i s o r d e r .  T h e r e  was no r e l a t i o n s h i p  b e tw een  b lo o d  le a d  
l e v e l  and any m easu re  o f  m en ta l  f u n c t i o n i n g .  Lo .;e r  l e v e l s  o f  i n t e l l i g e n c e  
and h i g h e r  r a t e  o f  d i s tu rb a n c e  w ere  found t o  be  more r e l a t e d  t o  s o c i a l  
f a c t o r s .
B ry ce  Sm ith  and Waldron ( I 9 7 ^ a )  r e f e r r i n g  to  Lan d sd ow n 's  (197**) 
w o r k j c r i t i c i s e d  t h e  in ad eq u a te  p sych o log y  c a l  t e s t i n g  p ro c e d u re  as 
r e s p o n s i b l e  f o r  t h e  n e g a t i v e  f i n d i n g s .  They  m en tioned  th e  s tud y  from  El 
P aso  -  T exas  on a  v e r y  b i g  g ro u p  o f  c h i l d r e n ,  a p p a r e n t l y  h e a l t h y ,  
l i v i n g  i n  th e  v i c i n i t y  o f  a s m e l t e r .  The c h i l d r e n  had a b l o o d  l e a d  
l e v e l  o f  — AOug/lOOml. b lo o d  and were  found t o  have d i f f u s e  and s u b t l e  
im pa irm en t o f  t h e  f i n e  m o to r ,  p e r c e p tu a l  and v i s u a l - p e r c e p t u a l  s k i l l s .
B e a t t i e  e t  a l  (1975) r e p o r t e . .  from G lasgow  a r e a ,  where  th e  w a t e r  
i s  s o f t  and th e  p lum bum -so lven cy  from w a t e r  su p p ly  p ip e s  in c r e a s e d ,  i . e .  
l e a d  l e v e l  in  w u t e r  r a i s e d .  W a t e r - l e a d  l e v e l s  were  measured i n  the  
homes o c c u p ie d  d u r i n g  th e  f i r s t  y e a r  o f  l i f e  by 77 m e n t a l l y  r e t a r d e d  
c h i l d r e n ,  ago 2 t o  f> y e a r s ,  and  77  n o n - r e t a r d e d  matched c o n t r o l s ,  and 
th e  homes o c c u p i e d  by t h e i r  m o th e rs  d u r in g  th e  p reg n a n cy .
The w a t e r - l e a d  c o n t en t  was s i g n i f i c a n t l y  h i g h e r  in  th e  r e t a r d e d  
g rou p  and the  p r o b a b i l i t y  o f  r e t a r d a t i o n  was s i g n i f i c a n t l y  in c r e a s e d  
when w a te r  l e v e l s  exceeded  COO u g / l i t r e .  B lood  l e a d  l e v e l s  w e re  a l s o  
s i g n i f i c a n t l y  h i g h e r  in  the  r e t a r d e d  g ro u p .
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L a n d r ig a n  e t  a l  (1 9 7 5 )  s t u d i e d  f o r t y - s i x  c h i l d r e n  symptom—f r e e ,  
a g e d  3 -  15« w i t h  b l o o d  l e a d  c o n c e n t r a t i o n s  o f  4o -68ug/ lO G m l. l i v i n g  
w i t h i n  6 .6  Ion. o f  a s m e l t e r .
P s y c h o l o g i c a l  t e s t i n g  and p sychom oto r  t e n t i n g ,  showed a g e - a d ju s t e d  
p e r f o rm a n c e  I . i < .  t o  be  s i g n i f i c a n t l y  d e c r e a s e d  in  t h e  g rou p  w i t h  h i g h e r  
l e a d  -  l e v e l s .  C h i l d r e n  in  a l l  a g e s  in  th e  l e a d  g r o u p  a l s o  had 
s i g n i f i c a n t  s l o w in g  i n  f i n g e i —w r i s t  ta p p in g  t e s t .  K u l l - s c a l e  I . V . ,  
v e r b a l  l . i < .  , b e h a v i o u r ,  and h y p e r a c t i v i t y  r a t i n g s  d i d  n o t  d i f f e r .
i la lo h  e t  a l  ( 19 7 5 ) s t u d i e d  tw e n t y - s e v e n  a sym p to m a t ic  c h i l d r e n  w i th  
c o n f i r m e d  in c r e a s e d  l e a d  a b s o r p t i o n  f o r  n e u r o p h y s i o l o g i c a l  im p a irm en t-  
q u a n t i t a t i v e  n e u r o l o g i c a l  t e s t .  T h e re  was s i g n i f i c a n t l y  in c r e a s e d  
i n c i d e n c e  o f  h y p e r a o t i v e  b e h a v io u r  in  s u b j e c t s  w i t h  i n c r e a s e d  l o a d -  
l e v e l s  bu t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in  any o f  th e  q u a n t i t i v e  
t e s t  r e s u l t s .  U n c o n t r o l l e d  v a r i a b l e s ,  e s p e c i a l l y  l e a d  a b s o r p t i o n  in  
i n f a n c y  and a d v e r s e  e n v i r o n m e n t  p rp s s u re 3  o th e r th a n  l e a d  s t i l l  r a i s e  
q u e s t i o n s  ab ou t  th e  r e l a t i o n s h i p  be tw een  c h r o n i c  l e a d  e x p o su re  and 
b e h a v io u r  o r  i n t e l l i g e n c e .
i l e b e l  ( 19 7 6 )  r e p o r t e d  abou t the m enta l  c a p a b i l i t y  o f  c h i l d r e n  exposed  
t o  l e a d  p o l l u t i o n  in  U irm ingham. E l e v e n - p lu s  e x a m in a t io n  s c o r e s  f o r  
851 c h i l d r e n  l i v i n g  s in c e  b i r t h  i n  l e a d - p o l l u t e d  a r e a s  w ere  h i g h e r  on 
a v e r a g e  than  th o s e  o f  1642 c h i l d r e n  l i v i n g  in  two s i m i l a r ,  bu t  u n p o l lu t e d  
a r e a s  o f  B irm ingham. M o r e o v e r ,  w i t h i n  the  p o l l u t e d  a r e a  th o s e  l i v i n g  
c l o s e s t  t o  th e  s o u rc e  o f  p o l l u t i o n  d id  n o t  s c o r e  l o w e r  than th o s e  l i v i n g  
f u r t h e r  away who a t t e n d e d  t h e  same s c h o o l s .  The r e s u l t s  w e re  n o t
s i g n i f i c a n t l y  a f f e c t e d  by a d ju s tm e n t  f o r  s o c i a l  c l a s s ,  b i r t h - r a n k ,  and
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m a te rn a l  a g e  d i s t r i b u t i o n s .  The s tu d y  may be c r i t i c i s e d  f o r  l a c k  o f  
i n f o r m a t i o n  on b lo o d  l e a d  l e v e l s  and f o r  assuming t h a t  p o l l u t i o n  i n  
the  a r e a  has n o t  changed in  the  l a s t  two decad es .
From th e  l i t e r a t u r e  r e v ie w e d  on  b e h a v io u ra l  chan ges  in  a n im a ls ,  
human a d u l t s  .and c h i l d r e n ,  i t  can b e  con c lu d ed  th a t  th e  b e h a v io u r a l  
d i s t u r b a n c e s  in  c h r o n i c  in o r g a n i c  l e a d  p o is o n in g  a r e  p r o t e a n  b u t  n o t  
q u a n t i t a t i v e l y  d e t e rm in e d .
The p o in t  i n  p e r fo rm in g  a n o th e r  s tudy  in  t h i s  f i e l d  i s  t o  d e v i s e  
and v a l i d a t e  b e h a v io u r a l  t e s t s  to  a s s e s s  minimal damage t o  n ervou s  
s y s t em s  b y  i n o r g a n i c  l e a d  e x p o su re .
The  f i r s t  s t e p ,  as  shown by t h e  r e v i e w e d  s t u d i e s ,  has  been  done by 
d e t e c t i n g  b e h a v io u r a l  chang-s  in  su ch  e xp osu re ;  now shou ld  f o l l o w  th e  
s cond  s t e p  in  wh ich  q u a n t i t a t i v e  a p p r e c i a t i o n  o f  m agn itude  o f  t h e s e  
c h a n ges  sh ou ld  be  made.
Some o f  t h e s e  s tu d i e s  have b een  taken  in  s tu d y in g  a  sm a ll  g rou p  
o f  s u b j e c t s ;  some o f  them a re  d e s c r i p t i v e ,  d e a l i n g  o n ly  w i th  c l i n i c a l  
s i g n s  a s s o c i a t e d  w i t h  le a d  a b s o r p t i o n ;  o n ly  few  have  s tu d i e d  th e  e f f e c t s  
o f  l e a d  on human per fo rm ance  or  p s y c h o l o g i c a l  p r o c e s s e s ;  none o f  them 
h a v e  s t u d i e d  e f f e c t s  o f  low l e v e l  e x p o s u r e  in  a d u l t s ;  o n l y  one (Hepko 
e t  a l , 19 7 4 )  have  measured l a r g e  s a  p i e s  o f  workers  and a t te m p te d  t o  
r e l a t e  b od y -b u rd en  o f  l e a d  to  b e h a v i o u r a l  f u n c t i o n s  o f  a d u l t  w o r k e r s ;  
none o f  them have  s tu d ie d  the c o r r e l a t i o n s  between  p e r fo rm a n c e ,  n e u r o p h y s i o l o g i e s  
and b i o c h e m ic a l  changes  a t  a c c e p t a b l e  l e v e l s  o f  l e a d  i n  b lo o d  on 
a d u l t  w o rk e r s .
Hage Cl
Sm oking  and l e a d
I t  i s  v e r y  w e l l  known th a t  among many u n d e s i r a b l e  e f f e c t s  p ro d u ced  
by sm oking o n  human b e i n g s ,  th e  a b s o r p t i o n  o f  a v a r i a b l e  amount o f  l e a d  
i s  one  o f  them . T ob a c c o  smoke i s  an a i r b o r n e  s o u r c e  o f  l e a d  -  a s i n g l e  
c i g a r e t t e  c o n t a i n s  an a v e r a g e  v a lu e  o f  1 m ic ro g ra m / lo ad  -  S c h ro e d e r
*1  ( I 9 6D *  H o r to n  (19&5) o r  39 p .p .m .  e qu a l  u g .  l e a d  p e r  c i g a r e t t e  
( C o g b i l l  and Hobbs, 1937) o r  2 .3  ug .  l e a d  p e r  c i g a r e t t e  i n  German b ra n d s  
as  r e p o r t e d  b y  L e h n e r t  ( 1 9 6 7 ) «  Thus a j je rson  who smokes tw en ty  
c i g a r e t t e s  a d ay ,  assuming an a b s o r p t i o n  in  th e  lu n g s  o f  50%  c o u ld  
a b s o rb  lO u g .  l e a d  a d ay ,  o n l y  from th e s e  s o u r c e s .
The i g n i t e d  end o f  th e  c i g a r e t t e  may r e a c h  a t e m p e r a tu r e  l e v e l  
a b o ve  t h a t  o f  m e l t i n g  p o i n t  ( ' i - 7 °C ) so  t h a t  an o x i d e  o f  m e ta l  i s  
form ed  i n  t h e  s t r eam  o f  smoke which can be r a p i d l y  .absorbed i n t o  th e  
lu n g  and r e a c h  th e  g e n e r a l  c i r c u l a t i o n  -  S c h r o e d e r s ( 19&1) •
A h i g h  p e r c e n t a g e  o f  l e a d  found  in  c i g a r e t t e  t o b a c c o  r e m a in s  i n  
th e  ash w t i i l e  o n l y  5% i s  t r a n s f e r r e d  t o  th e  smoke. Cnee l e a d  i s  
d e p o s i t e d  i n  th e  lu n g s ,  th e  amount o f  a b s o r p t i o n  i n t o  th e  b l o o d  d ep en d s  
on f a c t o r s  such  as  s o l u b i l i t y  o f  th e  p a r t i c u l a r  fo rm  o f  t h e  l e a d  and on 
c l e a r a n c e  mechanism o f  th e  lu n gs .
A l s o  d e p th  o f  i n h a l a t i o n ,  f r e q u e n c y ,  l e n g th  o f  c i g a r e t t e  o r  c i g a r ,  
s ta n d a rd  o f  f i l t e r  and amount o f  t o b a c c o  smoked o v e r  the  s u b j e c t ' s  
l i f e  span  a r e  a l l  f a c t o r s  t h a t  c o u ld  i n f l u e n c e  a b s o r p t i o n  and t h e r e f o r e  
any p o s i t i v e  c o r r e l a t i o n  between  l e a d  a c c u m u la t io n  and sm ok ing .
R e g a r d in g  t h e  t o b a c c o  consum ption  i n  U . K . ,  t h i s  i s  a p p r e c i a t e d  
by  th e  w e i g h t  o f  a l l  t o b a c c o  goods  s o l d  to  th e  p u b l i c  w h ich  have  b een
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53*5  m i l l i o n  l b s .  i n  1870  and in c r e a s e d  t o  2**7 .7  m i l l i o n  l b s .  i n  
1970. i t  has b een  e s t im a t e d  th a t  th e  t o t a l  smoking p o p u l a t i o n  o f  
t i .K .  i s  2 1 . 8  m i l l i o n  o f  w h ich  12.7  m i l l i o n  a r e  m a le ,  o v e r  15 y e a r s  
o l d .  Consum ption  in  pounds w e ig h t  p er  head f o r  a l l  t o b a c c o  g o o d s  
was 5*6  l b s .  p e r  annum in  19 71  (L a  F e r l a ,  19 76 ) .
F o r  p e o p l e  e xp o se d  t o  l e a d  in  t h e i r  work ing  e n v i r o n m e n t  t h e  
smoking h a b i t  c o u ld  add t o  th e  a b s o r p t i o n  o f  le a d  b e c a u s e  u s u a l l y  
th e y  to u c h  th e  end o f  c i g a r e t t e s  w i t h  t h e i r  hands c o n ta m in a t e d  w ith  
l e a d  d u s t .  T h e r e  i s  no r e p o r t  o f  m agn itude  o f  such a b s o r p t i o n  in  
p e o p l e  e x p o s e d  o c c u p a t i o n a l l y  t o  l e a d .
Z i e l i n s k i  ( I 9G9 )  r e p o r t e d  on th e  p e o p le  e xp osed  o c c u p a t i o n a l l y  
t o  b o th  l e a d  and t r i c h l o r o  e th y l e n e  and who were  s m o k e rs .  T hey  
showed t h a t  in h a l e d  ga s e o u s  le a d  p e n e t r a t e s  d i r e c t l y  i n t o  th e  a r t e r i a l  
b l o o d  w i t h o u t  b e in g  f i l t e x - e d  to  the  l i v e r  and i n h a l a t i o n  o f  th e  
c i g a r e t t e  smoke f a c i l i t a t e s  the  e n t r y  o f  l e a d  to  t h e  body th ro u gh  the 
a i r  p a s s a g e s .
The a r t i c l e  i s  c a l l i n g  a t t e n t i o n  t o  th e  h azard  o f  smoking where 
t h e r e  i s  an o c c u p a t io n ; * !  e xp osu re  t o  le*id and t r i c h l o r o e t h y l e n e  and 
th e  a u th o r  c o n s i d e r s  t h a t  smokers shou ld  n ev e r  be u s e d  on w ork  
i n v o l v i n g  e x p o s u re  t o  l e a d .
L e a d  l e v e l s  i n  sm okers  from th e  g e n e r a l  e n v i ro n m e n t  has been  
r e p o r t e d  by  Kehoe  ( i 960 ) ,  i l o f r e u t e r  e t  a l  (19& 1 ),  an d  L e h n e r t  ( 1967 ) ,  
and t h e i r  r e s u l t s  a r e  somehow c o n t r a d i c t o r y ;  Kehoe and L e h n e r t  r e p o r t e d  
no d i f f e r e n c e  b e tw een  th e  u r in a r y  l e a d  o r  b lo o d  l e a d  l e v e l s  o f  smokers 
and n o n -s m o k e rs ,  w h i l e  i l o f r e u t e r  r e p o r t e d  s i g n i f i c a n t l y  mean b lo o d  l e a d  
l e v e l s  c o n c e n t r a t i o n s  (2 1 u 0 : / lOOtn l. )  in  smokers th an  in  n o n -
smokers  ( l6ug^  ./ lO O m l.)
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5 3 »5  m i l l i o n  l b s .  i n  1870  and in c r e a s e d  t o  2^7 . 7  m i l l i o n  l b s .  in  
1970. I t  h as  b een  e s t i m a t e d  th a t  t h e  t o t a l  sm ok ing  p o p u la t i o n  o f
U .K .  i s  2 1 . 8  m i l l i o n  o f  wh ich  12 .7  m i l l i o n  a r e  m a l e ,  o v e r  15 y e a r s  
o l d .  C on su m p t ion  in  pounds w e ig h t  p e r  head f o r  a l l  t o b a c c o  g o o d s  
was 5 .6  l b s .  p e r  annum in  1971 ( L a  K e r l a ,  19 76 ) .
f o r  p e o p l e  e x p o s e d  t o  l e a d  in  t h e i r  w o rk in g  e n v i r o n m e n t  t h e  
smoking h a b i t  c o u ld  add  t o  th e  a b s o r p t i o n  o f  l e a d  b e c a u se  u s u a l l y  
th e y  to u ch  th e  end o f  c i g a r e t t e s  w i t h  t h e i r  hands c o n ta m in a t e d  w i th  
l e a d  d u s t .  T h e re  i s  no  r e p o r t  o f  m a gn itu d e  o f  such  a b s o r p t i o n  in  
p e o p l e  e x p o s e d  o c c u p a t i o n a l l y  t o  l e a d .
Z i e l i n s k i  ( 19 6 9 ) r e p o r t e d  on th e  p e o p l e  e x p o s e d  o c c u p a t i o n a l l y  
t o  b o th  l e a d  and t r i c h l o r o  e t h y l e n e  and who w e re  sm o ke rs .  They 
showed t h a t  i n h a l e d  ga s e o u s  lo a d  p e n e t r a t e s  d i r e c t l y  i n t o  th e  ¿ i r t e r i a l  
b l o o d  w i t h o u t  b e in g  f i l t e r e d  to  th e  l i v e r  and i n h a l a t i o n  o f  th e  
c i g a r e t t e  smoke f a c i l i t a t e s  th e  e n t r y  o f  l e a d  t o  t h e  body th ro u gh  th e  
a i r  p a s s a g e s .
The a r t i c l e  i s  c a l l i n g  a t t e n t i o n  t o  th e  h a z a r d  o f  smoking where  
t h e r e  i s  a n  o c c u p a t i o n a l  e xp o su re  t o  l e a d  and t r i c h l o r o e t h y l e n e  and 
th e  a u th o r  c o n s i d e r s  t h a t  smokers  s h o u ld  n e v e r  b e  u sed  on work  
i n v o l v i n g  e x p o s u r e  t o  l o a d .
Lead  l e v e l s  i n  sm okers  from  th e  g e n e r a l  e n v i r o n m e n t  lias b een  
r e p o r t e d  b y  Kehoe ( i 9 6 0 ) ,  i l o f r e u t e r  e t  a l  ( 19 6 1 ) ,  and L e h n e r t  ( 19 6 7 ) ,  
and t h e i r  r e s u l t s  a r e  somehow c o n t r a d i c t o r y ;  K eh oe  and L e h n e r t  r e p o r t e d  
no d i f f e r e n c e  b e tw een  th e  u r i n a r y  l e a d  o r  b l o o d  l e a d  l e v e l s  o f  smokers 
anil n o n -s m o k e rs ,  w h i l e  i l o f r e u t e r  r e p o r t e d  s i g n i f i c a n t l y  mean b l o o d  l e a d  
l e v e l s  c o n c e n t r a t i o n s  ( a iu g l  / lO O m l . )  i n  sm okers  than  in  n o n -  
smokers  ( l 6 ugi ,/ lO O a i l . )
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M cL a u gh l in  and S to p p s  (1 9 7 3 )  s t u d i e d  th e  smoking h a b i t s  o f  o v e r  
\000 w o r k e r s  f rom  a company c o n s id e r e d  t o  have  no o c c u p a t i o n a l  le a d  
e x p o s u r e .  The mean u r in e  and b l o o d  l e a d  l e v e l s  w e re  found i n s i g n i f i c a n t  
b e tw e e n  smokers  and non -sm okers .  They h a v e  drawn th e  f o l l o v ; i n g  
c o n c l u s i o n s :  assuming an a v e r a g e  v a lu e  o f  1 u g . l e a d  in  th e  smoke
i n h a l e d  f rom  one  c i g a r e t t e ,  th e  l e a d  e x p o s u r e  from smoking one pack o f  
c i g a r e t t e s  p er  day i s  com parab le  t o  th e  d a i l y  e xp o su re  from  atmosph r i c  
l e a d  i n  C i n c i n n a t i .  S in c e  the  l e a d  e x p o s u r e  from c i g a r e t t e  smoke has 
b e e n  shown to  have  l i t t l e  e f f e c t  on  human u r in e  o r  b l o o d  l e a d  l e v e l s  i t  
i s  p o s s i b l e  t h a t  s i m i l a r  l e a d  e x p o s u r e  f r o m  urban a i r  wou ld  a l s o  have  
l i t t l e  e f f e c t  on p e o p l e .
As c o u ld  b e  seen  from  the  a b o v e  s t u d i e s  on sm ok ing ,  th e  r e s u l t s  a r e  
c o n t r a d i c t o r y .  U n f o r t u n a t e l y  t h e r e  i s  no s tu d y  in  in o r g a . . i c  l e a d  e x p o s u r e  
and sm ok ing  h a b i t  r e p o r t e d  in  l i t e r a t u r e .
I n  th e  p r e s e n t  s tu d y  th e  h y p o t h e s i s  i s  th a t  a w o rk e r  w i t h  poor  
p e r f o r m a n c e  f rom  a l o w - l e v e l  l e a d  e n v i r o n m e n t  e xp o su re  and w i t h  h igh  l e v e l  
o f  b l o o d  l e a d ,  c o u ld  a t t r i b u t e  t h i s  t o  h e a v y  smoking.
9.2.4.6. Alchohofism and lead
K t h y l - a l c o h o l  = L th a n o l  (C2 H5 Oil) i s  made c h i e f l y  by  th e  d i s t i l l a t i o n  
o f  f e r m e n t e d  c a r b o h y d r a t e s  and i t  i s  th e  a c t i v e  i n g r e d i e n t  o f  many s o c i a l  
b e v e r a g e s  such a s  wine?, b e e r s ,  and  s p i r i t s .  H a l f  a p i n t  o f  b e e r  o r  a 
s m a l l  g l a s s  o f  s p i r i t s  can  be c o n s id e r e d  t o  c o n t a in  7 grams o f  a l c o h o l  -  
M o s c o v i  t z ^  ( 197M  *
H o r to n  ( 19 6 5 ) s t a t e d  th a t  a w o rk e r  who d r in k s  b e e r  w i l l  ta k e  
0 .1  ug l>b p er  l i t r e  o f  b e e r  and i f  he d r i n k s  w ine  from  O.08  t o
*
0 .8 6  ug l e a d / p e r  l i t r e
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U o u n e l l e  e t  a l  (19&7) r e p o r t e d  an i n g e s t i o n  o f  O .X 5 - 1 .2 0  m g . l e a d  
f o r  e v e r y  p e r s o n  who d r i n k s  1 l i t r e  o f  w in e .
A b s o r p t i o n  o f  a l c o h o l  f rom  the  g a s t r o - i n t e s t i n a l  t r a c t  i s  r a p i d  
and q u a n t i t a t i v e .  I t  amounts  t o  abou t 58 p e r  c e n t  in  JC m in u t e s ,  88 p er  
c e n t  in  1 hour and 93 p e r  c e n t  in  90 m in u t e s .  A 70 k g .  man w i l l  r a i s e  
h i s  b lo o d  a l c o h o l  by ab ou t  15mg/lOOml. w i th  e v e r y  h a l f  p i n t  o f  b e e r  
o r  s m a l l  g l a s s  o f  s p i r i t s ;  a f t e r  f i v e  d r in k s  th e  b l o o d  a l c o h o l  sh o u ld  
b e  b e lo w  8Gmg/lOOml. w h ich  i s  th e  l i m i t  s e t  b y  th e  law  in  t h e  U.K. 
when d r i v i n g .  I t  t a k e s  a b o u t  an hour f o r  t h e  b lo o d  a l c o h o l  t o  r e a c h  
th e  peak l e v e l  a f t e r  wh ich  th e  a l c o h o l  i s  n o r m a l l y  b u rn t  up a t  th e  r a t e  
o f  one d r in k  ( 15my/l00ml. )  p e r  hour -  K o s c o v i t z ^ ( 1974 ).
The symptoms o f  a c u t e  p o i s o n in g  a r e  duo e n t i r e l y  t o  n a r c o t i c  a c t i o n  
on  th e  c e n t r a l  n e r vo u s  s y s t e m .  C h ro n ic  a l c o h o l i s m  a f f e c t s  the  w h o le  body;  
t h e r e  i s  a g e n e r a l  g a s t r o - i n t e s t i n a l  c a t a r r a h  w i t l i  c h r o n i c  g a s t r i t i s ,  
m a l n u t r i t i o n ,  e m a c ia t i o n ,  k id n e y  l e s i o n s ,  p o s s i b l y  c i r r h o s i s  o f  th e  l i v e r ,  
p e r i p h e r a l  n e u r i t i s  and p s y c h o s i s .
I n  ju d g in g  th e  a l c o h o l  i n t o x i c a t i o n ,  l e a d  p o i s o n in g  s h o u ld  a lw a y s  
be  c o n s id e r e d ,  s in c e  a t  r e l a t i v e l y  s m a l l  c o n c e n t r a t i o n s  l e a d  a c t s  as  a 
p o i s o i o n  c e r t a i n  e n z y m a t ic  s y s tem s ,  n o t a b l y  d eh y d ra s e s  w h ic h  a r e  im p o r ta n t  
i n  th e  i n t e r m e d i a t e  m e ta b o l i s m  , and s in c e  e v e r y  a l c o h o l i c  b e v e r a g e  
c o n t a i n s  l e a d  in  d i f f e r e n t  amounts -  T ruhau t e t  a l , ( 1 9 6 4 ) .
C a rd a n i  and K a r in a  ( 1 9 7 2 )  s tu d i e d  the  i n f l u e n c e  o f  a l c o h o l i c  
b e v e r a g e s  consum ption  on l e a d - in d u c e d  c h a n ges  o f  haeme b i o s i n t h e s l s .
They  found  a h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  betw een  a l c o h o l  consum ption  t
and chan ges  o f  p o r p h y r in e  m e ta b o l is m  in  th e  s u b j e c t s  e x p o s e d  t o  r i s k  o f
l e a d  p o i s o n in g
l h e  a u t h o r s  s u g g e s t e d  th e  h y p o t h e s i s  t h a t  such c o n n e c t i o n  m igh t  be 
d ue  on one  hand t o  a h i g h e r  i n t r o d u c t i o n  o f  l e a d  th ro u gh  a l c o h o l i c  
b e v e r a g e s ,  and t o  a g r e a t e r  c a r e l e s s n e s s  a t  work by  h e a v y  d r i n k e r s ,  
and  on th e  o t h e r  hand t o  a p o s s i b l e  s y n e r g i s t i c  a c t i o n  b e tw e en  a l c o h o l  
and  l e a d ,  whose  mechanism c a n n o t  be e x p la in e d  in  th e  l i g h t  o f  p r e s e n t  
k n o w le d g e .
M agid  and H i l d e n  (1 9 7 5 )  r e p o r t e d  e l e v a t e d  l e v e l s  o f  b l o o d  l e a d  in  
p a t i e n t s  w i t h  a l c o h o l i c  l i v e r  d i s e a s e .  They i n v e s t i g i i t e d  th e  e f f e c t  o f  
a l c o h o l  i n t a k e  on  th e  a c t i v i t y  o f  e r y t h r o c y t e  amino c e h y d r a t a o s e  
(.-vLA-U) and f o u n d  t h a t  p a t i e n t s  s u f f e r i n g  from  l i v e r  c i r r h o s i s  may 
a c c u m u la te  l e a d  a t  an in c r e a s e d  r a t e  and t h a t  a l c o h o l  i n t a k e  in  th e s e  
p a t i e n t s  may c a u s e  a r e l e a s e  o f  l e a d  from th e  l i v e . '  to  t h > b lo o d  and 
t h e r e b y  a d e p r e s s i o n  o f  ALA-D a c t i v i t y .
f e w  f o l l o w i n g  a u th o r s  r e p o r t e d  on n e r vo u s  d i s t u r b a n c e s  in  
a l c o h o l i c s  due t o  l e a d  c o n t e n t  o f  b e v e r a g e s  th  y used .
Morgan and L in n  (1 9 7 1 )  s t u d i e d  th e  h i s t o r i e s  o f  5 M a le  p a t i e n t s  
w i t h  f o u r  a l c o h o l i c  n e u r o l o g i c  syndromes a s s o c i a t e d  w i t h  l o a d  i n t o x i c a t i o n .  
T h e y  s t a t e i i  t h a t  when an a l c o h o l i c ,  d e v e l o p s  n e u r o l o g i c  m a n i f e s t a t i o n s  
such  as  d e l i r i u m  tr em en s  o r  m uscu la r  weakness i t  i s  d i f f i c u l t  t o  
d i f f e r e n t i a t e  them as  due t o  l e a d  p o i s o n in g .  A l th o u gh  F’b was n o t  th e  
s o l e  e t i o l o g i c  a g e n t ,  th e  s e v e r i t y  o f  the  p o i s o n in g  s u g g e s t e d  th a t  i t  
p l a y e d  a s i g n i f i c a n t  r o l e .  They recommended th a t  in  any  s e v e r e  a l c o h o l i c  
p o i s o n i n g  w i t h  ab d om ina l  c o l i c  and anaemia w i th  s t i p p l i n g  c o l l s  in  
a d d i t i o n  t o  p o o r  o r i e n t a t i o n ,  s e i z u r e s ,  p r o g r e s s i v e  e n c e p h a lo p a th y  o r  
s e v e r e  m u sc le  w e a k n e s s ,  s p e c i f i c  th e rap y  f o r  l e a d  c h e l a t i o n  (LDTA) shou ld
b e  i n s t i t u t e d  im m e d ia t e l y
P a t t e r s o n  and J e r n i g a n  (196 9 )  r e p o r t e d  on l e a d  p o i s o n in g  f rom  "m oon sh in e "  
w h is k e y .  The  d i a g n o s i s  o f  l e a d  p o i s o n in g  w a s  based  on e l e v a t e d  serum 
l e a d  l e v e l  (^U.U5mg.5a) and an e l e v a t e d  2 4 ^ h ou r  u r in a r y  l e a d  e x c r e t i o n  
(>12C lug.)  a f t e r  e t h y l e n e  -  d iam in  -  t e t r a  a c e t i c  a c i d .  From 54 a l c o h o l i c  
p a t i e n t s  a d m i t t i n g  d r in k in g  "m oon sh in e "  w h i s k e y ,  4456 had chan ges  i n  sensor ium  
and 225a had p e r i p h e r a l  n eu ropa th y .
G o u n e l l e  e t  a l  (1967 )  s tu d ie d  th e  l e a d  a b s o r p t i o n  in  h eavy  w in e  
d r i n k e r s .  M os t  o f  th e  p a t i e n t s  w i th  c i r r h o s i s  o r  j u s t  h eavy  d r i n k e r s  
d id  show p a t h o l o g i c  l a b o r a t o r y  r e s u l t s  f o r  l e a d .  In  a d d i t i o n  t o  t h e  
s o u r c e s  o f  l e a d  p r e s e n t  in  d a i l y  l i f e ,  th e  amount in t r o d u c e d  i n t o  t h e  
body  th rou gh  e x c e s s i v e  w ine  consumption  (t ) . f?5  “  1 .0  my/day) can  
c o n t r i b u t e  t o  i n c r e a s e d  le a d  a b s o r p t i o n  w h ic h  a c cu m u la tes  th rough  t h e  
y e a r s .
T ruhau t e t  a l  (19&4) r e p o r t e d  on p o s s i b l e  i n f l u e n c e  o f  e x c e s s i v e  
w in e  con su m p t io n  i n  th e  e t i o l o g y  o f  le a d  p o i s o n i n g .  They  had a n a ly s e d  
by  a p o l a r o g r a p h i c  method th e  Pb c o n t e n t  o f  i n e x p e n s i v e  com m erc ia l  
t a b l e  w in e s .  T h e y  found  c o n c e n t r a t i o n s  o f  l e a d  c o n s id e r e d  as  h a rm le s s  
a t  a d a i l y  c on s u m p t io n  o f  no more than 5^0 m l .  o f  w in e  but d an ge rou s  
f o r  a l c o h o l i c s  who d r in k  up t o  5 l i t r e s  o f  w i n e  p e r  d ay ,  th e r e b y  
i n g e s t i n g  1 .2 5  mg. l e a d  p e r  day.
S u s c e p t i b i l i t y  t o  l e a d  t o x i c i t y  i s  i n f l u e n c e d  by a number o f  
n u t r i t i o n a l  and m e t a b o l i c  f a c t o r s ,  e th a n o l  among them. M aha fey  e t  a l  
(1 9 7 3 )  r e p o r t e d  an e x p e r im e n ta l  s tudy  on r a t s  f ed  w i t h  e th a n o l  and w i t h  
e th a n o l  p lu s  l e a d .  They c on c lu d ed  th a t  b l o o d  l e a d  l e v e l s  w e r e  no t  
a f f e c t e d  by e t h a n o l  a l o n e t  r a t s  g i v e n  e t h a n o l  p lu s  l e a d  had s l i g h t l y  
h i g h e r  b ) - o d  l e a d  v a lu e s  than r a t s  g i v e n  l e a d  a l o n e .  The s t u d i e s  r e v i e w e d
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i n  t h i s  s e c t i o n  had d e a l t  w i th  a l c o h o l i s m  and l e a d ;  i t  i s  o f  i n t e r e s t  
i n  t h e  p r e s e n t  w o rk  t o  v i e w  th e  r e l a t i o n  between  a l c o h o l i s m  and 
p e r i p h e r a l  n e r v e  d i s t u r b a n c e .  A l c o h o l i s m  i s  a d i s e a s e  wh ich  c ou ld  
b e g in  w i t h  d i s t u r b a n c e s  o f  p e r i p h e r a l  n e r v e  c o n d u c t i o n  v e l o c i t y  and 
o f t e n  t h i s  i s  t h e  o n l y  s i g n  o f  an i n c i p i e n t  n e u ro p a th y .  R a in e l l i  
and i i e r b i  ( 19 6 2 ) r e p o r t e d  26 c a s e s  o f  c h r o n i c  a l c o h o l i s m  i n  whom 17 
had n o rm a l  c o n d u c t i o n  v e l o c i t i e s  and 9 r e d u c e d  v e l o c i t i e s .  The 
e x p l a n a t i o n  o f  no rm a l c o n d u c t i o n  v e l o c i t i e s  in  t h i s  w ork  i s  th a t  
f r e q u e n t l y  i n  t h e  c o u r s e  o f  c h r o n i c  p o l y n e u r o p a t h y  some n e r v e s  a r e  
s p a red  and have  norm al c o n d u c t i o n  v e l o c i t y .
M aw ds ley  and M ayer (1 9 6 5 )  compared c o n d u c t i o n  v e l o c i t y  i n  normal 
p e o p l e  and in  76  p a t i e n t s  w i th  c h r o n i c  a l c o h o l i s m .  They  e xc lu d e d  p e o p le  
who had c o i n c i d e n t a l  d i a b e t e s  and o c h e r  d i s e a s e s  w h ich  m igh t  be 
accom pan ied  by n e u r o p a th y .  They found  t h a t  in  a l c o h o l i c  p a t i e n t s  both  
m otor  and s e n s o r y  f i b r e s  a r e  e q u a l l y  a f f e c t e d  i n  b o t h  arms and l e g s .
They fou n d  subnorm al v e l o c i t i e s  i n  p a t i e n t s  w i t h o u t  c l i n i c a l  s i g n s  o f  
n e u ro p a th y ;  th e  c h a n ges  become more marked and e x t e n d e d  p r o x im a l l y  as  
c l i n i c a l  s i g n s  i n c r e a s e  i n  s e v e r i t y .  T h e y  c o n c lu d e d  th a t  n u t r i t i o n a l  
d e f i c i e n c i e s ,  p a r t i c u l a r l y  th ia m in e  l a c k  f i r s t  c a u s e  s egm en ta l  d e m y e l in a t i o n  
in  p e r i p h e r a l  n e r v e s  and l a t e r  cause  d e g e n e r a t i o n  o f  f i b r e s .
t f a l s k  and McLeod (1 9 7 0 )  p e r fo rm ed  n e r v e  c o n d u c t i o n  v e l o c i t i e s  and 
s u r a l  n e r v e  b i o p s i e s  on 11  p a t i e n t s  w i t h  a l c o h o l i c  n e u ro p a th y  and found 
s i g n i f i c a n t  s l o w i n g  o f  m o to r  and s e n s o r y  c o n d u c t i o n .  They a l s o  showed 
a r e d u c t i o n  in  d e n s i t y  o f  m y e l in a t e d  f i b r e s  o f  a l l  d i a m e t e r s  in  th e  n e r v e s ;  
th e  p red o m in a n t  p a t h o l o g i c a l  changes  w e r e  o f  a x o n a l  o r  V f a l l e r i a n
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d e g e n e r a t i o n .  I n  c a s e  o f  a c u t e  n eu ro p a th y  a f t e r  heavy  d r i n k i n g ,  
a c t i v e  a x o n a l  d e g e n e r a t i o n  was p r e s e n t  in  the  n e r v e s  w h i l e  i n  c h r o n ic  
n e u ro p a th y  a f t d r  l o n g  h eavy  d r i n k i n g  t h e r e  w e re  r e g e n e r a t i n g  f i b r e s  
in  t h e  n e r v e s  and l i t t l e  e v i d e n c e  o f  a c t i v e  a x o n a l  d e g e n e r a t i o n .
As c o u ld  b e  s een  from a l l  t h e s e  s tu d i e s  on a l c o h o l  c on su m p t ion  
th e  a l c o h o l  consum ption  c o u ld  enh ance  low  l e a d  a b s o r p t i o n  t o  a s t a t u s  
when b e h a v i o u r a l  and n e u r o p h y s i o l o g i c a l  changes  c o u ld  a p p e a r .
The h a b i t  o f  d r in k in g  i s  s t u d i e d  i n  the  p r e s e n t  work :  i t  i s  e x p e c t e d  
th a t  w o r k e r s  w i t h  low  l e v e l  h  ad e x p o s u re  i n  th e  w o rk in g  e n v i r o n m e n t  
but h e a v y  d r i n k e r s  w ou ld  p e r fo rm  p o o r e r  and p r e s e n t  more b e h a v i o u r a l  
ch a n ges  th a n  t h e i r  c o n t r o l s .
10. MKTiiQSJCLOUY
10.1  I n t r o d u c t i o n
A3 i t  was shown in  th e  c h a p t e r s  5 arid 6 th e  aim o f  t h e  p r e s e n t  
s tu d y  i s  t o  d e t e rm in e  i f  any d e c r e m en t  in  p er fo rm a n ce  i s  a s s o c i a t e d  
w i t h  s u b c l i n i c a l  in o r g a n i c  l e a d  p o i s o n i n g  as i n d i c a t e d  by r e d u c e d  
n e r v e  c o n d u c t i o n  v e l o c i t y  and i f  t h e s e  d ecrem en ts  a r e  c o r r e l a t e d  
w i t h  t h e  ch an ges  i n  n e r v e  c o n d u c t i o n  v e l o c i t y  o r  w i t h  b i o c h e m ic a l  
c h a n g e s .
Two f a c t o r i e s  m a n u fa c tu r in g  l e a d  b a t t e r i e s  w ere  s e l e c t e d  in  
w h ich  s t r a t i f i c a t i o n  o f  l a b o u r  i n  t b e  r e l a t i o n  t o  a b i l i t y  an d  
c l e a n l i n e s s  o f  j o b  i s  v e r y  much r e d u c e d .
The  two f a c t o r i e s  w e re  named c o n v e n t i o n a l l y  N r .  1 and N r . I I  
a c c o r d i n g  t o  t h e  o r d e r  in  w h ich  t h e y  w ere  i n v e s t i g a t e d .  T h e  work  in  
th e  F a c t o r y  No .  I  was p e r fo rm e d  i n  J u ly -A u g u s t -S ep te m b e r  1 9 7 6 ,  and 
in  th e  F a c t o r y  N r . I I  in  A p r i l - M a y  1977» F a c t o r y  N r . I  i s  s i t u a t e d  n ea r
l ’a g e  89
M a n c h e s t e r ,  and F a c t o r y  N r . I I  n e a r  London .
The two f a c t o r i e s  a r e  c o n s i d e r e d  to  p r o v i d e  s e c u r e  and w e l l - p a i d  
em p loym en t,  an il a r e  t h e r e f o r e  a b l e  t o  s e l e c t  and r e t a i n  a h i g h  g ra d e  
l a b o u r  f o r c e .  New w o rk e r s  w e re  a l l o c a t e d  t o  a j o b  a3 v a c a n c i e s  a r i s e  
and may n o t  c h a n g e  f o r  two y e a r s .  A l l  w o rk e r s  a r e  p a id  th e  same, 
i r r e s p e c t i v e  o f  j o b ,  and i n  some o f  th e  d ep a r tm e n ts  men r o t a t e  be tw een  
t h e  d i r t i e r  and c l e a n e r  j o b .
The p r o c e d u r e  o f  t e s t i n g  b o th  p o p u la t i o n  f ro m  the  two f a c t o r i e s  
was th e  same. T h e  e x p e r im e n t e r  d id  n o t  know t o  wh ich  g rou p  th e  w o rk e r  
c a l l e d  t o  be  t e s t e d  b e l o n g e d ;  in  t h i s  way a b i a s  f a c t o r  f rom  the  
e x p e r im e n t e r  w a s  e x c lu d e d .
In  each  f a c t o r y  two rooms f o r  th e  t e s t i n g  w e re  a l l o c a t e d .  Due 
room c o n t a in e d  t h e  equ ipm ent f o r  th e  r e a c t i o n  t im e ,  one h o l e  t e s t  
and t r em o r  t e s t ;  th e  o t h e r  room was used  f o r  i n t e r v i e w i n g  t h e  
q u e s t i o n n a i r e  a n d  f o r  th e  a d d in g  t e s t .
The t r e m o r  t e 3 t  equ ipm en t  was b o r ro w ed  f r o m  The i l o y a l  N a v a l  
e n v i r o n m e n t a l  H e a l t h  U n i t  and used  on th e  F a c t o r y  N r . I  p o p u l a t i o n  o n l y ;  
i t  was n o t  a v a i l a b l e  f o r  th e  s econd  f a c t o r y .
The s e q u e n c e  o f  t e s t s  i n  b o th  f a c t o r i e s  w a s :
1 . The Q u e s t i o n n a i r e  ( t h e  q u e s t i o n s  w e re  a sk ed  by th e  e x p e r i m e n t e r ) .
2 .  M o n i t o r in g  t h e  s k in  t e m p e r a tu r e .
3 «  The A d d in g  t e s t .
1». C r i p  s t r e n g t h ,  Endurance and R e a c t i o n  T im e .
5 .  T ap p in g  T e s t .
6 .  O n e -H o le  t e s t .
7 .  N e r v e  c o n d u c t i o n  v e l o c i t y
8 .  M o n i t o r in g  t h e  w e ig h c  and h e i g h t .
9 .  C o l l e c t i n g  th e  b l o o d  and u r i n e  s a m p le s .
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I n  th e  F a c t o r y  N r . I  th e  t r em or  t e s t  was p e r f o rm e d  s e p a r a t e l y ,  
two d a y s  a f t e r  t e s t i n g  p e r f o rm a n c e .  The t im e  ta k e n  f o r  t e s t i n g  th e  
p sych om oto r  p e r fo rm a n c e  and th e  n e r v e  c o n d u c t io n  v e l o c i t y  was 
a p p r o x im a t e l y  tw o  and a h a l f  h o u rs .  The t im e  t o  p e r f o r m  each  t e s t  was: 
The q u e s t i o n n a i r e  -  1C) m in u tes  
A d d in g  t e s t  -  5 “ 30 m inutes
G r ip  s t r e n g t h ,  enduran ce  and r e a c t i o n  t im e  -  30 m in u te s  
T a p p in g  t e s t  -  lO  m inutes  
O n e - h o le  t e s t  -  20 m inutes  
N e rv e  c o n d u c t io n  -  20 m inutes
M o n i t o r in g  th e  p h y s i c a l  p a ra m e te r s  and c o l l e c t i n g  th e  b l o o d  and u r in e  
sam p les  -  2u m in u te s
The  d e t a i l e d  backgrou nd ,  d e s c r i p t i o n  o i  equ ipm en t and p ro c e d u re  
f o l l o w s  f o r  each  t e s t  used .
1 0 .2 .  P o p u la t i o n  t e s t e d
As can  be  s e e n  from T a b l e  No .  4 from F a c t o r y  I  s i x t y - s e v e n  exposed  
w o rk e r s  and s e v e n t y - n i n e  unexposed  w o rk e rs  and from  F a c t o r y  I I  t h i r t y  
e xp o se d  w o rk e r s  and t h i r t y  u nexposed  w o rk e r s  w e re  t e s t e d .
TAÜLE 4 -  The number o f  p o p u la t i o n  in  th e  p r e s e n t  s tu d y
S u b j e c t s1 ' 1
F a c t o r i e s
1
Number
.
T o t a l
F a c t o r y  I
1
67
E xposed F a c t o r y  I I 30 97
F a c t o r y  I
"  o f f i c e s t a f f 49
C o n t r o l s
"  manual w o rk e rs 30
F a c t o r y  I I 30 109
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I n  F a c t o r y  N r . I  o f  th e  s e v e n t y - n i n e  u n ex p o sed ,  f o r t y - n i n e  w e r e  
drawn f r o m  o f f i c e  w o r k e r s ,  t w e l v e  f r o m  m a in ten ance  s t a f f  and e i g h t e e n  
f rom  a n e a rb y  power s t a t i o n .
The  g r o u p s  o f  e xp osed  and c o n t r o l s  in  F a c t o r y  N r . I  w e re  th e  ones  
u sed  i n  a  s tu d y  o f  n e r v e  c o n d u c t i o n  v e l o c i t y  by  A r c h i b a l d  (1 9 7 6 )  a few  
months b e f o r e  th e  p r e s e n t  work  s t a r t e d .  As one  o f  t h e  aims o f  t h e  
p r e s e n t  p r o j e c t  i s  t o  d e t e rm in e  i f  th e  s low ed  n e r v e  c o n d u c t i o n  
v e l o c i t i e s  o f  th e  exp o sed  w o rk e rs  a f f e c t  t h e i r  p e r f o rm a n c e ,  i t  was 
c o n s i d e r e d  most im p o r ta n t  t h a t  t h e  same s u b j e c t s  used  i n  th e  n e r v e  
c o n d u c t i o n  v e l o c i t y  s tu d y  shou ld  b e  used f o r  t h e  p e r f o rm a n c e  s tu d y .
A t  t h e  t i m e  o f  p e r fo rm a n ce  t e s t i n g  th e  w o rk e r s  r e f u s e d  t o  v o l u n t e e r  
f o r  a n o t h e r  n e r v e  c o n d u c t io n  t e s t ,  so i t  was d e c id e d  t o  c o r r e l a t e  th e  
r e s u l t s  o f  p e r fo rm a n c e  o f  p sy c h o m o to r  t e s t s  w i t h  th e  n e r v e  c o n d u c t io n  
v e l o c i t y  s tu d y  r e s u l t s  o f  A r c h i b a l d ' s .  T h e r e  i s  a d i f f e r e n c e  c o n c e r n in g  
th e  number o f  w o rk e r s  t e s t e d ;  A r c h i b a l d ' s  g ro u p s  w e r e  94 and 94 
r e s p e c t i v e l y  f o r  e xp o sed  and c o n t r o l s ,  my g ro u p s  a r e  6 7  and 79 
r e s p e c t i v e l y  f o r  e xp osed  and c o n t r o l s ,  and t h i s  was d ue  t o  th e  f a c t  t h a t  
some o f  t h e  w o rk e r s  w ere  on h o l i d a y  a t  the  t im e  o f  t h e  p r e s e n t  s tu d y .
The  d e p a r tm e n ts  from  which t h e  exposed  p e o p l e  came w e re :
p a s t i n g ,  p l a t e  c u t t i n g ,  m ou ld in g ,  
T a b l e  5 shows th e  d i s t r i b u t i o n  o f  
TAIlLii S -  D i s t r i b u t i o n  o f  e xp osed
f o r m i n g ,
e xp osed
w o rk e rs
 assem b ly  and l e a d  r e c o v e r y  
p e o p l e  by  d e p a r tm e n ts :  
by  d e p a r tm e n ts
D epa r tm en t F a c t o r y  I F a c t o r y 11
No. o f  s u b j e c t s  ?» No .  o f  s u b j e c t s %
F a s t i n g 18 26 .9 6 20
P l a t e  c u t t i n g 11 16.5 4 1 3 .3
Form in g 14 20 .9 7 2 3 .3
A ssem b ly 8 11.9 13 4 3 .3
M o u ld in g 8 11.9
L ead  r e c o v e r y 8 11.9 “
— *
TOTAL 67 luO .O 30 10 0 .0
Hage 9:
The c o n t r o l  p e o p l e  caine from  o f f i c e  w o rk e r s ,  m a in ten ance  and power 
s t a t i o n  i n  F a c t o r y  I  and i n  F a c t o r y  I I  from  m a in ten a n ce  o n l y .
l/hen t h e  d a ta  was t o  b e  a n a ly s e d  th e  g ro u p s  used w e r e :
( a )  f o r  m eans ,  s ta n d a rd  d e v i a t i o n s ,  l o w e s t  and h i g h e s t  v a l u e s  o f
a g e ,  h e i g h t ,  w e i g h t ,  l e n g t h  o f  em ploym en t,  b lo o d  l e a d ,  u r in a r y  
l e a d  and  a m i n o l e v u l i n i c  a c i d  in  u r in e :
( i )  F a c t o r y  I e x p o se d
( i i )  F a c t o r y  I c o n t r o l s
( i i i ) F a c t o r y  I o f f i c e  c o n t r o l s
( i v )  F a c t o r y  I manual c o n t r o l s
( v )  F a c t o r y  I I  e x p o se d
( v i )  K a c t o r y  I I  c o n t r o l s
( v i i  ) F n c t o r y  1 *• F a c t o r y  I I  e xp osed  
( v i i i ) F a c t o r y  I  F a c t o r y  I I  c o n t r o l s  
( b )  F o r  a n a l y s i n g  p e r fo rm a n c e  by a n a l y s i s  o f  v a r i a n c e  and a n a l y s i s
o f  c o v a r i a n c e :
( i )  F a c t o r y I  e xp osed
( i i )  F a c t o r y I  o f f i c e  c o n t r o l s
( i i i )  F a c t o r y 1 manual c o n t r o l s
( i v )  F a c t o r y I I  exp osed
( v )  F a c t o r y I I  c o n t r o l s
( c )  F o r  a n a l y s i n g  c o m p a r is o n s  between p a i r s  o f  mean3 u s in g  " t "  t e s t
( i )  F a c t o r y I  e x p o se d  v e r s u s  F a c t o r y  I  manual c o n t r o l s
( i i )  F a c t o r y I  e xp o se d  v e r s u s  F a c t o r y  I  o f f i c e  c o n t r o l s
( i i i )  F a c t o r y I  manual c o n t r o l s  v e r s u s  F a c t o r y  I  o f f i c e  c o n t r o l s
( i v )  F a c t o r y I I  e xp osed  v e r s u s  F a c t o r y  I I  c o n t r o l s
( v )  F a c t o r y I  e xp o se d  v e r s u s  F a c t o r y  I I  e xp o se d
( v i )  F a c t o r y 1 manual c o n t r o l s  v e r s u s  F a c t o r y  I I  c o n t r o l s
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1 0 .3  Q u e s t i o n n a i r e
O e f o r e  commencing th e  e x p e r im e n t  th e  s u b j e c t s  w e re  asked  (qu es t io n s  
r e l a t i n g  t o  t h e i r  o c c u p a t i o n a l  h i s t o r y ,  nervous  s y s t e m ,  smoking and 
d r i n k i n g  h a b i t s ;  i n f o r m a t i o n  on th e  l e n g th  o f  e x p o s u r e  t o  l e a d ,  p r e s e n t  
and  p r e v i o u s  d e p a r tm e n ts  i n  wh ich  th e y  had w o rk ed ,  and th e  s h i f t  t h e y  
w e r e  on a t  t h e  t im e  o f  th e  t e s t «
A c c o r d in g  t o  th e  d ep a r tm en t  i n  wh ich  th ey  w o r k e d ,  th e  c o n t r o l s  from 
t h e  F a c t o r y  N r . I  f e l l  i n t o  t h r e e  g ro u p s :  o f f i c e  w o r k e r s ,  m a in ten a n ce  
w o r k e r s  and w o r k e r s  from  th e  power s t a t i o n ;  th e  l a s t  two g ro u p s  w e re  
u n i t e d  i n  th e  g ro u p  named manual w o rk e r s .
The e x p o s e d  s u b j e c t s  f rom  b o th  f a c t o r i e s  w o rk  a l t e r n a t e l y  in  tw o  
s h i f t s  and w e re  t e s t e d  e i t h e r  a t  th e  t im e  o f  S h i f t  I  (6  a.m . -  2 p .m . )  
o r  S h i f t  I I  ( 2  p .m . -  lO p . m . ) .
q u e s t i o n s  r e g a r d i n g  th e  s u b j e c t i v e  symptoms o f  n ervous  s y s tem ,  
d i g e s t i v e  s y s t em  and v i s u a l  o rga n  w e re  s e l e c t e d  f r o m  th e  l i t e r a t u r e  on 
t h e  s u b j e c t i v e  symptoms r e v i e w e d  i n  s e c t i o n  9 . 2 . 9 . 3 .  o f  th e  p r e s e n t  work .  
T o b a c c o  c on s u m p t io n  was g ra d e d  as f o l l o w s :
G rade  I  : l - l 4  c i g a r e t t e s / d a y  o r  up t o  3 o z s .  to b a c co / w ee k  
G rade  XI : 15-24  c i g a r e t t e s / d a y  o r  up t o  6 o z s .  tob acco/ w eek
G rade  I I I :  o v e r  25 c i g a r e t t e s / d a y  o r  o v e r  6 o z s .  to b acco / w eek .
A l c o h o l  con su m p t io n  was g ra d e d  as  f o l l o w s :
G rade  I  « 1 -14  p i n t s  o f  b eer/w eek
G rade  I I  : 1 5 -5 0  p i n t s  o f  bee r/w eek
G rade  1X1« o v e r  50 p i n t s  o f  bee r/w eek  
T h e  s p i r i t  d r i n k e r s  w e re  g ra d e d  as :
Low -  1 -3  w h i s k i e s  a week
M o d e ra t e  -  4 -8  w h i s k i e s  a week
Heavy — o v e r  one  b o t t l e  w h is k e y  a week
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A c o p y  o f  th e  q u e s t i o n n a i r e  used i n  t h i s  s tu d y  i s  g i v e n  in  Appen d ix  3 .
1 0 .4  R e a c t i o n  t im e  te.3t 
1 0 . 4 . 1 .  Background
R e a c t i o n  t im e  i s  th e  d e l a y  b e tw een  th e  o ccuusnce  o f  a s t im u lu s  
e v e n t  and  th e  i n i t i a t i o n  o f  a r e s p o n s e  t o  i t ,  and i s  d e te rm in ed  by th e  
p e r i o d  d u r in g  w h ich  th e  i n i t i a l  r e s p o n s e  i s  b e in g  p r e p a r e d ;  i n  o t h e r  
w o r d s ,  i t  i s  n o t  th e  t im e  o c c u p ie d  by th e  e x e c u t i o n  o f  re sp o n se  bu t  th e  
t im e  r e q u i r e d  t o  g e t  th e  o v e r t  r e s p o n s e  s t a r t e d .  The  r e sp o n se  c a n n o t  
come o u t  o f  t h e  o rga n is m  q u i t e  as  soon  as  th e  s t im u lu s  goes  i n .  The 
s t i m u l u s  s t a r t s  a proces-s  g o in g ,  b u t  th e  p r o c e s s  r em a in s  h idden  o r  
" l a t e n t "  i n s i d e  th e  o rga n is m  u n t i l  i t  r e a c h e s  the  m u sc les  and p rodu ces  
an o b s e r v a b l e  e f f e c t  on th e  e n v i r o n m e n t .
T h e  s en s e  o rga n  must be a rou se d  to  a c t i v i t y ,  th e  n e r v e s  must conduct 
t o  t h e  b r a in  and f rom  th e  b r a in  t o  th e  m u sc les  and t h e  m uscles  must 
c o n t r a c t  and move some e x t e r n a l  o b j e c t .
A l l  th e s e  s t e p s  in  th e  p r o c e s s  ta k e  t im e ,  the g r e a t e s t  p a r t  o f  th e  
d e l a y  b e i n g  i n  th e  b r a i n .  Even i n  th e  s i m p l e s t  p o s s i b l e  r e a c t i o n  th e  
n e r v e  im p u ls e s  coining i n  from  th e  s en s e  o r g a n  have t o  accumulate  and 
b u i l d  up enough e x c i t a t i o n  t o  a r o u s e  th e  m o to r  a r e a s  o f  the  b r a in  and 
s e t  up  a d i s c h a r g e  to w a rd  th e  m u sc le s .  When th e  r e s p o n s e  has t o  be  
a d j u s t e d  t o  t h e  s t im u lu s ,  work i s  done and t im e  i s  consumed in  r e g i s t e r i n g  
th e  e x a c t  c h a r a c t e r  o f  t h e  s t im u lu s  and o r g a n i s i n g  t h e  motor r e s p o n s e .
The r e a c t i o n  t im e ,  a l s o  c a l l e d  th e  r e s p o n s e  l a t e n c y ,  i n c lu d e s  sen se  
o r g a n  t im e ,  n e r v e  c o n d u c t io n  t im e ,  b r a in  t im e  and m u sc le  t im e .
I n  a r e a c t i o n  t im e ,  e x p e r im e n t  o f  th e  p r o g r e s s  o f  t im e  i s  r e p r e s e n t e d  
by  a  l i n e  e x t e n d in g  f rom  l e f t  t o  r i g h t  we have  g o t  t h e  f o r e - s i g n a l  O ' )
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s t im u lu s  ( S )  and r e s p o n s e  (H )  marked on i t »  A d iag ram  o f  th e  w h o le
p r o c e s s  w i l l  l o o k  as  f o l l o w s :
P  S It
------------ /-------------------- /-------------------- /--------------/----
K o r e - p e r i o d  l i e a c t i o n  A f t e r  p e r i o d
The p e r i o d  P -S  e q u a l s  th e  f o r e - p e r i o d  w h ich  e x t e n d s  from  th e  r e a d y  
s i g n a l  o r  f o r e - s i g n a l  ( P )  t o  th e  s t im u lu s  ( S ) ; th e  r e a c t i o n  t im e  f ro m  
S t o  th e  r e s p o n s e  movement ( i t )  ami th e  a f t e r  p e r i o d  e x t e n d s  from  a s h o r t  
t o  i n d e f i n i t e  p e r i o d  beyond  It and c o n t a i n s  th e  c o m p le t i o n  o f  th e  m o to r  
r e s p o n s e .  .
l t e a c t i o n  t im e  depends  on : e x t e r n a l  f a c t o r s  a f f e c t i n g  th e  o r g a n i s m  
and i n t e r n a l  f a c t o r s  p r e s e n t  i n  th e  o r g a n is m  in  t h a t  moment.
W oodworth  and S c h l o s h e r g  (19f>5) r e p r e s e n t e d  s c h e m a t i c a l l y  th e  
r e a c t i o n  t im e  a s :
K T = f (S O )  f rom  w h ich  HT = r e a c t i o n  t im e  
f  = f a c t o r s
S — s t im u lu s  v a r i a b l e s  
O = i n t e r n a l  f a c t o r s
The 5 v a r i a b l e s  a r e  c o n t r o l l e d  by  th e  e x p e r im e n t e r ,  th e  O v a r i a b l e s  
a r e  n o t  c o n t r o l l a b l e  by  th e  e x p e r im e n t e r .
S t im u lu s  f a c t o r s
I l e a c t i o n  t im e  depen ds  on th e  n a t u r e  o f  th e  s t im u lu s  a p p l i e d  
such  a s :  l i g h t ,  sound, t o u c h ,  e t c .  H i r c h  ( l 8 6 l - l8 f> ' t )  r e p o r t e d  t h a t  
KT t o  a v i s u a l  s t im u lu s  i s  somewhat s l o w e r  than  th e  a u d i t o r y  o r  a 
t o u ch  s t im u lu s .  T y p i c a l  v a l u e s  f o r  a d u l t  s u b j e c t s  a r e :  180 m . s e c . ,  
l 4 o  m . s e c . ,  and l ' .U  m . s o c . ,  r e s p e c t i v e l y  f o r  l i g h t ,  sound and to u c h .
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R e g a rd in g  th e  to u c h  s t im u lu s  RT d i f f e r s  w i t h  th e  a r e a  s t im u la t e d ,  
t h e  more s e n s i t i v e  a r e a s  a r e  t h o s e  n e a r e r  t h e  b r a i n  and t h e s e  ten d  t o  g i v e  
q u i c k e r  r e s p o n s e s .  S o m e t im e s ,  as  Woodworth and S c h lo s b e r g  ( 1965 ) 
e s t a b l i s h e d ,  an e l e c t r i c ,  shock  a p p l i e d  t o  th e  hand o r  f a c e  g i v e s  th e  RT 
1 0 -20  m .s e c .  s h o r t e r  th a n  th e  RT t o  th e  sound.
R e g a rd in g  th e  RT t o  l i g h t  s t im u lu s ,  i t  d i f f e r s  w i th  th e  p a r t  o f  
r e t i n a  wh ich  r e c e i v e s  t h e  l i g h t ,  th e  f a r t h e r  ou t  from th e  f o v e a  th e  V  "  
l o n g e r  th e  RT. q u i c k n e s s  o f  r e s p o n s e  g o e s  p a r u l l e l  w i th  a c u i t y  o f  v i s i o n ;  
t h e  a c u i t y  d e c r e a s e s  f r o m  the  f o v e a  ou t  and th e  RT in c r e a s e s .
S t im u l i  such as  s i g h t ,  h e a r in g  and tou ch  can be s t im u la t e d  s e p a r a t e l y  
so  t h a t  we can g e t  a d e f i n i t e  answer  f o r  any o f  them; i t  i s  c o m p l i c a t e d  
w i t h  warmth, c o l d ,  p a in  s m e l l  o r  t a s t e ,  b e c a u se  th ey  can n o t  be 
s t im u la t e d  w i t h o u t  i n c i d e n t a l l y  s t i m u l a t i n g  some touch  r e c e p t o r s .
F o r  warmth, c o l d ,  p a i n ,  s m e l l  o r  t a s t e ,  th e  touch  r e c e p t o r s  
r e c e i v e  t h e i r  m e c h a n ic a l  s t i m u l i  b e f o r e  th e  therm a l o r  c h e m ic a l  s t im u l i  
can  p e n e t r a t e  t o  them; the  s u b j e c t  g e t s  a touch  s e n s a t i o n  a f r a c t i o n  
o f  a second  b e f o r e  th e  t e m p e r a tu r e ,  s m e l l  o r  t a s t e  s e n s a t i o n ,  so  HT 
o b t a in e d  a r e  more c o m p l i c a t e d  than  th a t  o f  s i g h t ,  h e a r in g  o r  to u ch .
K ieso w  (1 9 0 3 )  r e p o r t e d  v a lu e s  b e tw een  308-1082 in .s e c .  f o r  R f  t a s t e ,  
M o ld enh ave r  (1 8 8 3 )  r e p o r t e d  v a lu e s  210-390  m .s e c .  f o r  s m e l l ,  Woodworth 
and S c h lo s b e r g  ( 19 6 5 ) r e p o r t e d  3O O -I60O m .s e c .  f o r  RT warmth o r  c o l d ,  
and l i i c h l e r  (1 9 3 0 )  r e p o r t e d  268-888 m .s e c .  f o r  RT p a in .
As we can s e e  f r o m  T a b le  6 ( p a g e  9 7 )  HT d i f f e r s  a c c o r d in g  t o  
th e  s en se  s t im u la t e d  a n d  the  d i f f e r n c e  m igh t  l i e  in  th e  s en s e  o r g a n ,  
i n  t h e  n e r v e  c o n d u c t i o n  v e l o c i t y ,  i n  the  s e n s o r y  n e r v e  f i b r i a  wh ich  
y e f v e  t h n e ;  s en s es  o r  i n  the  n e r v e  c e n t r e s .  A l s o ,  th e  r e c e p t o r  c e l l s  
may d i f f e r  in  l a t e n c y  o r  t im e  o f  r e a c t i o n .
TABLE 6 -  The v a l u e s  o f  r e a c t i o n  time t o  d i f f e r e n t  s t i m u l i  m en t io n e d  b y  l i t e r a t u r e
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Author
Woodworth & Schlosberg 
Kiesow (19 0 3)
Moldenhaver (1883)
Eichler (1930)
Baxter S c Travis (1938) 
Chocole (1945)
Froeberg (1907)
Todd (191B)
Stimulus Reaction time values (m.sec.)
(1965) Light
Sound 
Touch
Salt - sodium chloride 
Sweet - cane sugar 
Sour - citric acid 
Bitter - quinine
N o i s e  
Touch 
Odour
Touch followed by pain 
Pain
Rotation - stimulus to semicircular canal 
Sound threshold
Daylight reflected from a square white paper 
Light
Electric shock 
Sound
Light and shock 
Light and sound 
Sound and shock 
Light, sound and shock
180
140
140
308
446
536
1082
164-185
187-214
210-390
268
888
400-500
400
179-195
16 8 -18 6
135-152
135-160
139-151
133-159
122-145
12 0 -13 8
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KT d ep en d s  on i n t e n s i t y  o f  th e  s t i m u l u s ,  b e in g  l o n g  when th e  
s t im u lu s  i s  v e r y  weak and s h o r t e r  as  th e  s t im u lu s  in c r e a s e s  t o  medium 
i n t e n s i t i e s .
In  a  s i t u a t i o n  demanding q u ic k  r e s p o n s e  to  v e r y  weak s t i m u l i ,  
a s m a l l  i n c r e a s e  in  t h e i r  s t r e n g t h  i s  o f  g r e a t  h e l p ,  b u t  i f  th e  s t i m u l i  
a r e  a l r e a d y  o f  g ood  s t r e n g t h  th e r e  i 3  l i t t l e  a d van ta g e  in  making them 
s t r o n g e r  -  W o o d w o r th j ( 19 6 5 ) •
The  w ork  o f  B e r g e r  (188S ) showed t h a t  **T i s  d e c r e a s in g  r a p i d l y  
f r o m  w eak  t o  medium i n t e n s i t i e s  o f  the  s t i m u l u s .  The c u r v e  ap p roach es  
a l e v e l  s u g g e s t i n g  th a t  v e r y  in t e n s e  s t i m u l i  would n o t  g i v e  a much 
s h o r t e r  HT.
Wund (1 9 1 1 )  r e p o r t e d  th a t  the  KT i n c r e a s e d  a g a in  a t  th e  h igh  
i n t e n s i t y  b e c a u s e ,  as  he e x p l a in e d  "o n e  c o u l d  i v v e r  he f u l l y  r e a d y  f o r  
a v e r y  i n t e n s e  s t i m u l u s " ,  bu t  t h i s  s t a t e m e n t  has n e v e r  been a d e q u a t e l y  
t e s t e d .
In  o r d e r  t o  e x p l a i n  why th e  speed o f  r e s p o n s e  v a r i e s  w i t h  the  
i n t e n s i t y  o f  t h e  s t im u lu s  even  when th e  s t i m u l u s  i s  w e l l  ab ove  th e  
i n t e n s i t y  a t  w h ic h  i t  can  be  d e t e c t e d ,  i t  i s  n e c e s s a r y  t o  t a k e  a dynamic 
v i e w  o f  t h e  p r o c e s s  o f  s t im u lu s  d e t e c t i o n .  In  a p ap er  on m en 's  s en s o r y  
c a p a c i t y ,  F i t t s  and I ’o s n e r  (1967 )  s u g g e s t e d  th a t  th e  p r e s e n t a t i o n  o f  a 
s t im u lu s  i s  a lw a y s  a g a i n s t  some background  n o i s e ,  e i t h e r  e x t e r n a l  o r  
i n t e r n a l .  I t  i s  a l s o  s u g g e s t e d  th a t  a s t i m u l u s  d oes  n o t  a lw a y s  y i e l d  
p r e c i s e l y  th e  same e f f e c t  w i t h i n  the  o r g a n i s m  e v e r y  t im e  i t  i s  p r e s e n t e d .  
I n  e x p e r im e n t s  on s e n s o r y  d e t e c t i o n  th e  s u b j e c t  has u n l i m i t e d  t im e  t o  
make h i s  d e c i s i o n  c o n c e r n in g  th e  p r e s e n c e  o r  absence  o f  a s i g n a l .  He 
makes a s i n g l e  d e c i s i o n ,  and th e  d e c i s i o n  p r o c e s s  can b e  c o n s id e r e d  a
»
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s t a t i c  o n e .  I f  th e  s t im u lu s  c a u s e s  g r e a t e r  a c t i v i t y  than some c r i t e r i o n  
s e t  by  the  s u b j e c t  i n  a c c o rd a n c e  w i t h  th e  t a s k  a s s i g n e d  t o  h im ,  he 
r e p o r t s  a s i g n a l ,  i f  l e s s ,  he r e p o r t s  n o n e .
In  a r e a c t i o n  t im e  e x p e r im e n t  h o w e v e r ,  speed  i 3  s t r e s s e d  and 
f l u c t u a t i o n s  i n  th e  i n f o r m a t i o n  b e in g  c on d u c te d  a l o n g  th e  s e n s o r y  n e r v e  
w i l l  a f f e c t  th e  r a t e  and a c c u ra c y  o f  th e  d e c i s i o n  making p r o c e s s .
T h u s  th e  d e c i s i o n  making p r o c e s s  must be v i e w e d  as  dynamic i n  t h i s  c a s e ,  
s i n c e  i t  i s  c h a n g in g  o v e r  t im e .
HT c o u ld  depend  on summation and c e s s a t i o n  o f  th e  s t i m u l i ,  a 
c o m b in a t i o n  o f  s im u l ta n e o u s  s t i m u l i  may g i v e  a q u i c k e r  r e s p o n s e  than any 
o n e  o f  t h e s e  s t i m u l i  . l o n e .  The e x p e r im e n t s  have shown no g r e a t  
d i f f e r e n c e  i n  th e  HT t o  o n s e t ,  o r  t o  c e s s a t i o n .
J e n k in s  (1 9 2 6 )  r e p o r t e d  q u i c k e r  r e a c t i o n  t o  c e s s a t i o n  than  to  
t h e  o n s e t  o f  l i g h t .  The e x p l a n a t i o n  s u g g e s t e d  by  him may b e  in  a 
b e t t e r  v i s u a l  f i x a t i o n  o f  t h e  l i g h t  t h a t  i s  t h e r e ,  than  o f  t h e  f a i n t  
f i x a t i o n  p o i n t  p r e s e n t  b e f o r e  th e  l i g h t  i s  p r e s e n t e d .
.y'ooUrow (1 9 1 5 )  s t a t e d  th a t  th e  n e r v e  c e n t r e s  a r e  in  a s t a t e  o f  
r e a d i n e s s  to  r e sp o n d  t o  e i t h e r  t h e  o n s e t  o r  th e  c e s s a t i o n  o f  a sound 
when i t  com es  s im p ly  as a j o l t  w h ich  r e l e a s e s  th e  p r e p a r e d  r e s p o n s e .
T h e  i n t e r n a l  f a c t o r s
HT c o u l d  be d ep en d en t  on such i n t e r n a l  f a c t o r s  a s :  m o t i v a t i o n ,  
r e a d i n e s s ,  p r a c t i c e ,  a g e ,  body t e m p e r a tu r e ,  a l c o h o l  con su m p t io n ,  e t c .
P e r fo rm a n c e  i s  a lw ays  d e t e rm in e d  by th e  l e v e l  o f  m o t i v a t i o n  as  w e l l  
a s  by th e  e x t e n t  o f  l e a r n i n g .  The term  " m o t i v a t i o n "  i s  u s e d  h e r e  in  
a  b road  s e n s e ,  and i t  r e f e r s  t o  a c t i v i t y  l e v e l ,  a l e r t n e s s ,  f a t i g u e  and 
o t h e r  f a c t o r s  b e s i d e s  l e a r n i n g .  Example o f  m o t i v a t i o n :  i n  th e  s im p le
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HT e x p e r im e n t  t h e  s u b j e c t  must know in  ad van ce  what s t im u lu s  i s  com ing 
and w h a t  r e s p o n s e  he i s  t o  make. He i s  m o t i v a t e d  by  th e  d e s i r e  t o  
r e i i c t  a s  q u i c k l y  as  p o s s i b l e .  I f  th e  s u b j e c t  w i l l  r e c e i v e  t h o  e x t r a  
m o t i v a t i o n  -  t e l l i n g  him th e  r e s u l t  o f  each  t r i a l  o f  h i s  p e r f o r m a n c e ,  
o r  " r e w a r d i n g "  o r  " p u n i s h in g "  him f o r  h i s  good  and bad r e s u l t s  
r e s p e c t i v e l y  -  h e  w i l l  s p e ed  up c o n s i d e r a b l y .
The  q u i c k n e s s  o f  HT c o u ld  d epend  on th e  adequacy o f  p r e p a r a t i o n  
o f  t r i a l .  I t  w i l l  depend p a r t i a l l y  upon th e  d u r a t i o n  o f  f o r e - p e r i o d ;  
i f  t h e  f o r e - p e r i o d  i s  t o o  s h o r t  t h e  s u b j e c t  w i l l  n o t  have t i m e  t o  g e t  
r e a d y ,  b u t  i f  i t  i s  t o o  l o n g  h i s  r e a d in e s s  may f a d e  away. A  f o r e ­
p e r i o d  o f  ab o u t  2 -4  s e c o n d s ,  s l i g h t l y  v a r i e d  from t r i a l  t o  t r i a l  in  
o r d e r  t o  p r e v e n t  th e  s u b j e c t  f r o m  a t t e m p t in g  t o  s y n c h ro n iz e  h i s  
r e s p o n s e  w i t h  th e  s t im u lu s ,  has been  g e n e r a l l y  adop ted  as  a b o u t  r i g h t .
D a v i s  ( 1 9 4 0 )  r e p o r t e d  on t h e  muscu lar  t e n s io n  d u r in g  t h e  f o r e ­
p e r i o d  o f  a  hand r e a c t i o n .  He p o i n t e d  o u t  t h a t  th e  arm m u s c l e s  w h ich  
e x e c u t e  t h e  hand movement become t e n s e  d u r in g  th e  f o r e - p e r i o d .
T h e r e  a r e  some s i g n i f i c a n t  p a r a l l e l s  between  th e s e  f o r e - p e r i o d  
t e n s i o n s  and t h e  p r o p e r t i e s  o f  p r e p a r a t o r y  s e t .  The muscle  t e n s i o n  
b e g i n s  ab o u t  2 0 0 -4 0 0  m .s e c .  a f t e r  th e  HdADY s i g n a l  and tend  t o  
i n c r e a s e  up t o  t h e  moment o f  r e a c t i o n .
The h i g h e r  th e  t e n s io n  a t  t h e  end o f  f o r e - p e r i o d ,  th e  q u i c k e r  
th e  HT. He c o n c lu d e d  th a t  th e  p r e l i m i n a r y  muscular  t e n s i o n  i s  th e  
a c t u a l  r e s p o n s e  movement i n  an i n c i p i e n t  s t a g e ;  i t  i s  a p r e p a r a t o r y  
a c t i v i t y  and i t  c o u ld  be r e g a r d e d  as a c o n d i t i o n e d  r e s p o n s e .
P r a c t i c e  i s  a n o th e r  d ep en d en t  f a c t o r  i n  HT. I n  th e  s i m p l e  HT we 
e x p e c t  t h e  s u b j e c t  t o  r e a c h  h i s  maximum speed  a lm os t  a t  o n c e  o r  a f t e r
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a  few  p r a c t i c e  t r i a l s .  As Woodworth and S c h lo s b e r g  ( 19 6 5 ) showed, the 
a v e r a g e  s u b j e c t  c o n t in u e s  t o  im p rove  f o r  s e v e r a l  hundred t r i a l s  spaced  
o u t  o v e r  s e v e r a l  d a y s ,  a l t h o u g h  the  amount o f  improvement i s  c e r t a i n l y  
n o t  l a r g e ,  a f t e r  th e  f i r s t  5C o r  IOO t r i a l s .  An improvement o f  about 
t e n  p er  c e n t  a f t e r  th e  f i r s t  day has b een  n o t e d .
A n o th e r  f a c t o r  a f f e c t i n g  ill! i s  a g e .  T hrou ghou t th e  d e v e lo p m e n ta l  
p e r i o d  up t o  25  y e a r s  o f  age  th e  HT d e c r e a s e ,  a t  f i r s t  r a p i d l y  and 
th en  more s l o w l y .  »'hen th e  a d u l t  l e v e l  i s  r e a ch ed  i t  i s  m a in ta in e d  
w i t h o u t  much c h a n g e  up t o  th e  age  o f  s i x t y ,  a f t e r  w h ich  th e  HT b e g in s  
t o  l e n g th e n  s l o w l y .  T h i s  e f f e c t  o f  o l d  a g e  i s  l e s s  marked in  HT than 
i n  o th e r  m o to r  t e s t s  -  M i l e s  ( 1 9 4 2 ) .
O th e r  f a c t o r s  o f  v a r i a b i l i t y  can  a l s o  be e n c o u n te r e d  i n  HT 
e x p e r im e n t s  an d  among them th e  h e i g h t - w e i g h t  in d e x .  Smith  and Uoyarowsky 
(1 94 5 )  made a p r e d i c t i o n  t h a t  th e  men who were  h ea vy  f o r  t h e i r  h e i g h t  
g a v e ,  on th e  w h o l e ,  a s l o w e r  r e s p o n s e  than  th o se  w 10 w e re  l i g h t  f o r  
t h e i r  h e i g h t .
The b e h a v i o u r  o f  each  s u b j e c t  c o u ld  a f f e c t  h i s  HT; th e  s k i z o p h r e n i c s  
had a v e r y  l o n g  HT, a v e r a g in g  o v e r  h a l f  a second  -  U odn ick  and Shakow f 
( 1 9 4 0 ) .
An i n d i v i d u a l  c o u ld  a l s o  v a r y  i n  h i s  HT from  day  t o  day and even 
from  moment t o  moment. H u l l  (1 94 2 )  r e p o r t e d  a b e h a v io u r a l  o s c i l l a t i o n  
depen den t  on c e r t a i n  p s y c h o l o g i c a l  f a c t o r s  such as  a t t e n t i o n ,  em o t io n  
and s e n s i t i v i t y .
Changes i l l  body te m p e ra tu re  c o n n e c t e d  w i t h  th e  c i r c a d i a n  ry thm  
o f  human b e i n g s  have  been  found t o  have  an e f f e c t  on KT. K l e i t m a n  e t  a l  
(1 9 3 8 )  showed t h a t  a low  body t e m p e ra tu re  g i v e s  a l o n g e r  RT f o r  a u d i t o r y
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and v i s u a l  s t i m u l i .
The  p u l s e  r a t e  h a s  been  s t u d i e d  by  Van D i e r v l i e t  ( l 8 9 4 ) ,w h o  
r e p o r t e d  a q u i c k e r  KT when th e  i n d i v i d u a l  p u ls e  r a t e  i s  h igh  than 
when i t  i s  l o w .
C on su m p t ion  o f  a l c o h o l  c o u ld  a l s o  v a r y  th e  ( IT .  S t ra u b  (1 93 ^ )  
r e p o r t e d  t h a t  i n  an a l c o h o l i c  w i t h  0 .3 5  p e r  c e n t  a l c o h o l  i n  b l o o d ,  
th e  s im p l e  KT i s  l e n g th e n e d  by  t e n  p e r  c e n t  and b y  t w e n t y - f o u r  p er  
c e n t  when th e  a l c o h o l  r e a c h e s  th e  1 .4  p e r  c e n t  in  b l o o d .
I n d e e d ,  th e  number o f  v a r i a b l e s  a f f e c t i n g  UT c o u ld  be  v e r y  
numerous and t h i s  c o u l d  e x p l a i n  some i n t r a - i n d i v i d u a l  v a r i a t i o n  
o b s e r v e d  i n  th e  p r e s e n t  s tu d y .
1 0 . 4 . 2 .  Egu i pment
The  s e t t i n g  o f  t h e  equ ipm en t  used  in  th e  r e a c t i o n  t im e ,  g r i p  
s t r e n g t h  and en d u ran ce  i s  shown i n  F i g .  3*
The equ ip m en t  u s e d  was:
Two c a th o d e  r a y  o s c i l l o s c o p e s  ( F i g . 4 )
P h y s i o l o g i c a l  s t i m u l a t o r  ( f i g . 5 )
W h ea ts to n e  b r i d g e  ( F i g . 6 )
¡ land g r i p  dynamometer  ( F i g . 7 )
D i f f e r e n t i a t o r  ( F i g . 5 )
P u l s e  i s o l a t i o n  u n i t  ( F i g . 3 )
S i n e  wave g e n e r a t o r  f o r  c a l i b r a t i o n
Pen  l l e c o r d e r
S k in  e l e c t r o d e s  ( F i g . 13)
P o l a r o i d  cam era
A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  equ ip m en t  f o l l o w s .  A F a r n e l l  
P h y s i o l o g i c a l  s t i m u l a t o r  w i t h  a p u l s e  i s o l a t i o n  u n i t  was used  t o  p r o v id e
&r
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Figure 3 ~ Scheir.e of equipment u.seo in testing reaction time, grip strength and endurance
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Pig. 4. Photograph of two cathode ray oscilloscopes.
? ig . 6. Photograph of Wheatstone bridge.
Pig. 7- Photograph 
o f hand grip  dynamometer.
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Pig. 9* Photograph showing the oscilloscope trace for a m  reaction 
time.
Pig. 10. Photograph showing the O3oilloscope traoe for leg reaction
time
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Piß. 11. ?Photograph of recorded trace of maximum grip strength 
and endurance. ( 1*2,3. represent the peaks of three 
trials for maximum grip strength and the trace between 
the two arrows represent the endurance).
Pig. 12. Photograph of subjeot performing arm reaction - time test.
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Pig. 13« Photograph of leg alectrodes for reaotion - time test.
«
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Pig. 21. Photograph of subjects performing the postural tremor 
(left) and balance board tremor (right) tests.
Pig. 20. Photograph of subject performing the intention tremor 
test.
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Pig. 27. Photograph showing the recording electrodes used in 
nerve conduction velocity tests.
Pig. 28. Photograph showing stimulation of median nerve at the 
wriat.
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t l i e  e l e c t r i c a l  s t i m u l i .  T h i s  p a r t i c u l a r  ap p a ra tu s  i s  c a p a b le  o f  d e l i v e r i n g  
t r a i n s  o f  im p u ls e s ,  s i n g l e  p u l s e s  o r  c o n t in u in g  p u l s e s .
The e l e c t r i c a l  s t im u lu s  used was a  s i n g l e  p u l s e ,  v a r i a b l e  in  t h e  
v o l t a g e  i n  e a c h  s u b j e c t ,  g e n e r a l l y  r a n g i n g  from  40-70  v o l t s .  The w i d t h  
o f  th e  p u l s e  was 60 ms.
The v i s u a l  s t im u lu s  was a neon f l a s h l i g h t  o f  20 ms. w id th  c o n f i r m e d  
a s  p r o v i d i n g  an a d e q u a te  s t im u lu s  i n  a p i l o t  s tu d y ,  by v a r y i n g  th e  
w i d t h  o f  t h e  s t im u lu s  and r e c o r d i n g  th e  r e a c t i o n  t im e .
The e l e c t r i c a l  s t im u l s  was r e c e i v e d  by th e  s u b j e c t  v i a  s k in  
e l e c t r o d e s .  The  s t i m u l a t i n g  e l e c t r o d e s  w ere  o f  b u t t o n  t y p e ,  s i l v e r  
d i s c s  o f  1 cm. d i a m e t e r  mounted on a p l a s t i c  p l a t e  o f  G .5/4 cm. 
a l l o w i n g  f o r  q u i c k  r e a l l o c a t i o n  t o  th e  s k i n .  The s i l v e r  e l e c t r o d e s  w ere  
covered w i t h  p l a s t i c  foam and muslin and vhnn used they ware scalded 
i n  e l e c t r o d e  j e l l y .
The hand g r i p  dynamometer was used  t o  measure th e  s u b j e c t ' s  g r i p  
s t r e n g t h ,  enduran ce  and r e a c t i o n  t im e  t o  b o th  e l e c t r i c a l  and v i s u a l  
s t i m u l i .
The dynamometer was o f  th e  i s o m e t r i c  t y p e  w i t h  s t r a i n  gauge 
f o r m in g  one  arm o f  a  W heatstone b r i d g e  c i r c u i t ,  th e  ou tp u t  o f  wh ich  
w a s  c o n n e c t e d  t o  a g a lv a r io m e te r  f o r  v i s u a l  m o n i t o r in g  o f  g r i p  s t r e n g t h  
an d  to  a pen  r e c o r d e r  f o r  r e c o r d i n g  th e  g r i p  s t r e n g t h  and e n d u ra n ce .
T h e  hand g r i p  dynamometer was c a l i b r a t e d  by  suspend ing  a 20 k g .  w e i g h t  
f r o m  th e  s t r a i n  gauge  t o  a ba i ' j  th e  o u tp u t  o f  th e  s t r a i n  gauge was 
l i n e a r  o v e r  t h e  r a n g e  o f  f o r c e s  u sed .
When u s e d  f o r  r e a c t i o n  t i m e ,  t h e  o u t p u t  o f  t h e  W h e a t s t o n e  b r i d g e  
w a s  s p l i t  and f e d  d i r e c t l y  t o  t h e  o s c i l l o s c o p e s  and v i a  a  d i f f e r e n t i a t o r .
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The o u t p u t  o f  t h e  d i f f e r e n t i a t o r  was c a l i b r a t e d  a t  lO  h z .  u s in g  a  s i n e  
w ave  g e n e r a t o r  s o  a s  t o  g i v e  a m a g n i f i c a t i o n  ( g a i n )  o f  1 :1 0 .  The  s i n e  
wave  g e n e r a t o r  used  f o r  c a l i b r a t i o n  was an ¡1C o s c i l l a t o r  t y p e  TG 2UCOM 
p ro d u ce d  by L e v e l l  E l e c t r o n i c s ,  E n g la n d .  The in p u t  i n t o  t h e  d i f f e r e n t i a t o r  
a t  lO  H z .  was 4cO mv. p e a k  t o  p eak ,  and th e  o u tp u t  4 v o l t s  peak  t o  p eak .
The s p e ed  w i t h  w h ich  g r i p  s t r e n g t h  i s  d e v e l o p e d  can  be  e x p r e s s e d  as  
f r e q u e n c y ;  i n  c a l c u l a t i n g  th e  f r e q u e n c y  o f  th e  hand g r i p  r e s p o n s e  t o  
th e  r e a c t i o n  t im e  s t i m u l u s  i t  was assumed t h a t  t h e  maximum r a t e  o f  
chan ge  in  hand g r i p  o c c u r r e d  .at th e  node  o f  h y p o t e t i c a l  s i n e  w a v e .
The t im e  f rom  th e  c r e s t  to t h i s  node  i . e .  f rom  th e  s t a r t  o f  t h e  r e a c t i o n  
t o  t h e  p o i n t  w h ere  the maximum r a t e  o f  ch a n ge  in  g r i p  was o b s e r v e d  i s  
e q u a l  t o  0.25 o f  w a v e l e n g t h .  The f r e q u e n c y  in  dz. was t h e r e f o r e  
c a l c u l a t e d  as four times the tin-: between the initiation o f  the reaction 
and th e  maximum s l o p e  i . e .  F i g u r e  8 :
F igure  8 D ia g ram  of the O sc illo sc ro p e  trace
time
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Two c o n v e n t i o n a l  c a th o d e  r a y  DM 64 d u a l  t r a c e  s o l i d  s t a t e  s t o r a g e  
o s c i l l o s c o p e s  m a n u fa c tu re d  by  T e l e e q u ip m e n t ,  E ng lan d ,  w e r e  u t i l i s e d  
f o r  d i s p l a y  p u rp o s e s .  The o s c i l l o s c o p e s  w e r e  used  t o  d e t e r m in e  th e  
r e a c t i o n  t i m e ,  th e  t i m e  b ase  b e in g  a d ju s t e d  a t  ’jO in .s e c/ squ a re  on o n e ,  
th e  o th e r  o s c i l l o s c o p e  b e in g  a d ju s t e d  a t  20 m .s e c / s q u a r e  t o  g i v e  th e  f u l l  
r e s p o n s e  c u r v e  and was used  t o  d e t e rm in e  th e  maximum s l o p e  and th e  t im e  to  
r e a c h  th e  maximum s l o p e .  The t im e  b ase  o f  each  o s c i l l o s c o p e  was 
c a l i b r a t e d  u s i n g  a q u a r t z  c r y s t a l  s in e - w a v e  g e n e r a t o r .  The sweep o f  the  
o s c i l l o s c o p e s  w e re  i n i t i a t e d  by a s y n c h r o n i s a t i o n  pulse from  the  
p h y s i o l o g c a l  s t i m u l a t o r .
The r e a c t i o n  t im e  t o  a s t im u lu s  -  e l e c t r i c  o r  v i s u a l  -  was 
r e a d  d i r e c t l y  f rom  th e  o s c i l l o s c o p e s  s c r e e n s .  A l s o ,  a r e c o r d  was
kept by photographing the trice of th oscilloscopes using a Polaroid 
CU 9 Dane cam era  ( F i g s . 9 -1 0 )  (P a g e  1 0 5 ) .
I O . 4 . 3 .  P r o c e d u r e
The s u b je c tw a s  m o n i t o r e d  f o r  s k in  t e m p e r a tu r e  u s in g  a sk in  
th e rm om eter  -  M e d i z in s c h e n  Scc im den the rm om ete r  p roduced  by  T e s to te rm  
K G ,  F r i t z s c -h u n g ,  Germany.
The s k i n  t e m p e r a tu r e  o f  t h e  hand was 33-34  d e g r e e s  C e l s iu s  and o f  
th e  a n k le  r e g i o n  31-33  d e g r e e s  C e l s i u s .  The purpose  o f  th e  t e s t  was 
e x p l a in e d  t o  t h e  s u b j e c t .
The s t i m u l a t i n g  e l e c t r o d e s  w e re  a p p l i e d  t o  th e  s k in  o f  the  p r o x im a l ,  
l a t e r a l  f a c e  o f  th e  f o r e a r m  ( F i g . 12) (P a g e  I 06 ) , the  s k i n  f i r s t  b e in g  
rubbed  w i th  a l c o h o l  t o  rem ove  g r e a s e  and th e  e l e c t r o d e s  a p p l i e d  and f i x e d  
w i t h  an EGG ru b b e r  b an d .  The v o l t a g e  o f  t h e  e l e c t r i c a l  p u ls e  was 
a d ju s t e d  s o  ea c h  s u b j e c t  c o u ld  f e e l  th e  p u l s e  l i k e  a d e f i n i t e  tou ch
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s e n s a t i o n  on  h i s  arm o r  l e g .  The s u b j e c t  was t o l d  t h a t  t h e  p u l s e  wou ld  
b e  p r e s e n t e d  a t  i r r e g u l a r  i n t e r v a l s ,  r a n d o m ly  f ro m  2 -7  s e c o n d s  from  
t h e  t im e  o f  t h e  command " l i e a d y " . The s u b j e c t  was g i v e n  t l v r e e  p r a c t i c e  
ru n s  b e f o r e  t e s t i n g .  The r e a c t i o n  t i m e  f o r  t h e  e l e c t r i c a l  s t im u lu s  t o  
t h e  arm was t h e  g r a s p in g  o f  th e  hand dynam om eter  as  q u i c k  and s t r o n g  
a s  p o s s i b l e  b y  th e  s u b j e c t  when f e e l i n g  th e  p u l s e  i n  hi.s a rm .
The  p rocod d re * -  f o r  t h e  l e g  was t h e  same a s  f o r  t h e  f o r e a r m ,  o n l y  th e  
e l e c t r o d e s  w e r e  p la c e d  on th e  l a t e r a l  f a c e  o f  t h e  l e g  ( F i g . 1 5 )  ( P a g e  107) 
f i v e  c e n t i m e t e r s  ab ove  th e  a n k l e ;  t h e  v o l t a g e  r e q u i r e d  w a s  som et im es  
h i g h e r  th a n  th a t  o f  th e  arm, r a n g in g  f r o m  50 - 0O v o l t s .
The  r e a c t i o n  t im e  t o  a v i s u a l  s t i m u l u s  r e p r e s e n t e d  t h e  g r a s p in g  
o f  th e  hand dynamometer as soon  ns t h e  s u b j e c t  saw th e  f l a s h  com ing 
f ro m  t h e  p h y s i o l o g i c a l  s t i m u l a t o r .
The  maximum g r i p  s t r e n g t h  was c a l c u l a t e d  a s  th e  maximum v a lu e  in  
k g .  t a k e n  f r o m  th e  t h r e e  t r i a l s  ( F i g .  l l )  ( P a g e  10 6 ) .
The  en d u ran ce  r e p r e s e n t e d  th e  t i m e  in  s ec o n d s  th e  s u b j e c t  managed 
t o  k e e p  a t  7 5 % o f  hi.s maximum g r i p  s t r e n g t h  ( K i g . l l ) .
The  m easurem en ts  o b t a in e d  f rom  r e a c t i o n  t im e  t e s t  w e r e :
( i )  Number o f  v o l t s  used  a s  e l e c t r i c a l  s t im u lu s  t o  arm.
( i i )  K e a c t i o n  t im e  t o  arm s t i m u l a t i o n  (mean o f  t h r e e  c o n s e c u t i v e  
t r i a l s  i n  m i l l i s e c o n d s .
( i i i )  Maximum s l o p e  o f  c u r v e  f o r  s t i m u l a t i o n  t o  arm (mean o f  th r e e  
c o n s e c u t i v e  t r i a l s )  in  v o l t s .
( i v )  F r e q u e n c y  o f  th e  r e s p o n s e  f o r  s t i m u l a t i o n  t o  arm (m ean  o f  
t h r e e  c o n s e c u t i v e  t r i a l s )  i n  H e r t z .
Numer o f  v o l t s  used  as  e l e c t r i c a l  s t im u lu s  t o  l e g .( v )
Page 11?
( v i )  R e a c t i o n  t im e  t o  l e g  s t i m u l a t i o n  (mean of* t h r e e  c o n s e c u t i v e  
t r i a l s )  i n  m i l l i s e c o n d s
( v i i )  Maximum s l o p e  o f  c u r v e  f o r  s t i m u l a t i o n  t o  l e g  (mean o f  
t h r e e  c o n s e c u t i v e  t r i a l s )  i n  v o l t s .
( v i i i )  F r equ en cy  o f  th e  r e s p o n s e  f o r  s t i m u l a t i o n  to  l e g  (mean o f  
th r e e  c o n s e c u t i v e  t r i a l s )  i n  H e r t z .
( i x )  R e a c t i o n  t im e  t o  a v i s u a l  s t im u lu s  (mean o f  t h r e e  c o n s e c u t i v e  
t r i a l s )  i n  m i l l i A o n d s .
( x )  Maximum s l o p e  o f  th e  c u r v e  f o r  a v i s u a l  s t im u lu s  (mean o f
v e i - ( s .
t h r e e  c o n s e c u t i v e  t r i a l s )  i n  • ' . *  < „
( x i )  F requ en cy  o f  the  r e s p o n s e  f o r  v i s u a l  s t im u lu s  (mean o f  t h r e e  
c o n s e c u t i v e  t r i a l s )  i n  H e r t z .
( x i i )  Maximum g r i p  s t r e n g t h  ( ¡eg. )
( x i i i )  i indurance a t  75?" v a l u e  o f  maximum g r i p  s t r e n g t h  ( s e c . )
10.5« The tapping test
10.5.1. Background
The t a p p in g  t e s t  -  one p l a t e  and two p l a t e s  -  w e re  s e l e c t e d  
f o r  th e  p r e s e n t  p sy c h o -m o to r  t e s t  b a t t e r y  b e c a u se  t a p p in g  a b i l i t i e s  
have  b een  t e s t e d  b y  o th e r  a u th o rs  when i n v e s t i g a t i n g  t h e  p e r fo rm a n c e  
o f  w o rk e r s  e x p o s e d  to  m e rcu ry ,  m e t h y l e n e - c h l o r i d e ,  c a rb o n  m onoxide  e t c .
. h e  s c o r e s  o f  th e  r e s u l t s  r e p o r t e d  by o t h e r  a u th o rs  -  C h a f f i n  
and M i l l e r  ( 1 9 7 4 ) ,  rf inneke (1 97 4 )  -  can n ot  be  compared d i r e c t l y  w i t h  th e  
p r e s e n t  work b e c a u s e  the  t e s t  th e y  used d i f f e r s  s l i g h t l y  i n  d e t a i l  f rom  
th e  t e s t  used i n  t h i s  s tu d y ,  b o th  i n  th e  c o n s t r u c t i o n  o f  th e  equ ipm en t 
and i n  the  method o f  t a p p in g ,  i . e .  u s in g  a f i n g e r  w i t h o u t  a s t y l u s  o r  
t a p p in g  w i th  a s t y l u s  in  t r i a l s  d i f f e r i n g  i n  l e n g t h  f rom  th o s e  used
in  t h i s  s tu d y .
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T a p p in g  a b i l i t y  i s  t h e  s p e ed  w i t h  wh ich  th e  s u b j e c t  can  o s c i l l a t e  
e i t h e r  h i s  f i n g e r s  o r  h i s  arm* The aim t o  p e r fo rm  t h i s  t e s t  i s  t o  
m e a s u re  th e  p r o x im a l  arm m u s c le  f u n c t i o n  anti w r i s t  f l e x o r  and e x t e n s o r  
f u n c t i o n .  The t a p p in g  may b e  r e g a r d e d  as  a n a t u r a l  f r e t p i e n c y  o f  a 
n e u r a l  f e e d b a c k  s y s tem  as  i n  th e  f o l l o w i n g  scheme by S o t l b e r g e r  ( 19 6 5 ) «
K e g u l a t i o n  ,6 f  f r e q u e n c y  
C e n t r a l  n e r v o u s  system
i i f f e c t b r s  S e n s o r s
m u s c u la tu r e  t o u c h ,  m u s c u la r ,  e a r ,
t e n s i o n ,  e y e s
The t a p p in g  seems r e l a t i v e l y  in d e p en d en t  o f  an e y e —hand c o - o r d i n a t i o n  
a b i l i t y .  G re en e  ( 1 9 ,t"3) f o u n d  th a t  when th e  eye -h an d  c o - o r d i n a t i o n  
i s  i n v o l v e d  in  t h e  t a s k s ,  t h e  l o a d in g  becomes s m a l l e r  on the  t a p p i n g .
T a p p in g  w i t h  th e  p e n c i l  making no e f f o r t  t o  tap  a p a r t i c u l a r  s p o t  
y i e l d e d  a h i g h  l o a d in g  on t a p p i n g .
T a p p in g  in  l a r g e  c i r c l e s  y i e l d e d  e q u a l  m odera te  l o a d i n g  on t a p p i n g .
A i m i n g  and t a p p i n g  i n  s m a l l  c i r c l e s  was d i f f i c u l t  a n d  y i e l d e d  no 
l o a d i n g  on  t a p p i n g  b u t  h i g h  l o a d i n g  on a i m i n g .
The t a p p in g  u s in g  w r i s t  a c t i o n ,  as  in  th e  p r e s e n t  t e s t ,  h as  been 
f o u n d  by M e l t o n  ( l 9 ' * 7 ) , t o  h a v e  a l a r g e  l o a d in g  on t a p p i n g .
F le is h m a n  in  an i n v e s t i g a t i o n  and d e f i n i t i o n  o f  p sych o m o to r
s k i l l s ,  s e l e c t e d  a number o f  p sych om oto r  t e s t s ,  among them th e  two p l a t e  
t a p p i n g ,  a im in g  a t  t e s t i n g  a l i m i t e d  number o f  a b i l i t i e s  w h ich  c o u ld  be 
u s e f u l  i n  d e s c r i b i n g  the p e r f o r m a n c e  i n  a w id e  v a r i e t y  o f  p sych o m o to r  t a s k s .
The t e s t  used  by  him was  th e  two p l a t e s  u n i t e d  by a  b r i d g e  and th e  
s u b j e c t  was a sk ed  to  s t r i k e  them w i t h  a s t y l u s  as r a p i d l y  as  p o s s i b l e ;
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he s t r i k e s  th e  p l a t e s  s u c c e s s i v e l y  -  f i r s t  one ,  th en  th e  o t h e r ,  n u k in g  
a s  many taps as p o s s i b l e  on th e  p l a t e s  i n  th e  t im e  a l l o w e d .  The number 
o f  t a p s  w e r e  r e c o r d e d  on a c o u n t e r .  The  number o f  t r i a l s  w e re  s i x ,  e a ch  
o f  t h i r t y  s e c o n d s .  The a u th o r  found th e  two p l a t e  t a p p in g  a s  a f a c t o r  
r a t e  o f  arm movement w i th  a l o a d in g  o f  0 . 3^ in  c om pa r ison  w i t h  o t h e r  
arm movement f a c t o r s  such ass Ten T a r g e t  A im ing  -  C .66  and H o ta ry  
A im ing  -
W in n ek e  ( 19 7 *^) used  one and two p l a t e s  ta p p in g  t e s t  in  f o u r  t r i a l s  
o f  13 s e c o n d s  e a c h ,  and in  f o u r  t r i . a l s  o f  20 s econd s  e a c h ,  f o r  one and 
tw o  p l a t e s  r e s p e c t i v e l y ,  on s u b j e c t s  e x p o s e d  to  m e th y le n e  c h l o r i d e  and 
c a rb o n  m o n o x id e .
. l i s  r e s u l t s  showed a d e f i n i t e  im p a irm en t  o f  th e  e x p o se d  s u b j e c t s  
t o  m e th y l e n e  c h l o r i d e  but f o r  s u b j e c t s  exp o sed  to  50 p .p .n i .  o f  c a rb o n  
m onox ide  ( l o w  l . - v e l  o f  e x p o s u r e )  th e  r e s u l t s  i n d i c a t e d  b e t t e r  p e r f o rm a n c e  
f o r  e x p o s e d  than f o r  c o n t r o l s ,  an u n e x p e c t e d  r e s u l t  w h ich  th e  a u th o r  
c o u ld  n o t  e x p l a i n  w i t h o u t  f u r t h e r  r e s e a r c h .
C h a f f i n  and T i l l e r  (1 9 7 M  had used th e  f i n g e r  t a p p in g ,  th e  t o e  
ta p p in g  ( l o f t  f o o t ,  r i g h t  f o o t  and a l t e r n a t e l y )  i n  a b a t t e r y  o f  
p s y c h o m o to r  t e s t s  i n  a b e h a v io u ra l  and n e u r o l o g i c a l  e v a l u a t i o n  o f  w o r k e r s  
e xp o se d  t o  i n o r g a n i c  m ercury .
T h e i r  r e s u l t s  showed t h a t  th e  t a p p in g  t e s t  was one o f  th e  most 
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  in c r e a s e d  m ercury  body b u rd en s .
H a t e s  f o r  f i n g e r  t a p p in g ,  r i g h t  f o o t  t a p p in q ,  l e f t  f o o t  ta p p in g  
and a l t e r n a t e  f o o t  ta p p in g  w e r e  a l l  s i g n i f i c a n t l y  d e c r e a s e d  in  t h o s e  
p e o p l e  h a v i n g  e l e v a t e d  m ercury  burdens .
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h e  s t r i k e s  th e  p l a t e s  s u c c e s s i v e l y  -  f i r s t  o n e ,  th e n  th e  o t h e r ,  making 
a s  many t a p s  as  p o s s i b l e  on th e  p l a t e s  in  th e  t i m e  a l l o w e d .  The number 
o f  t a p 3 w e r e  r e c o r d e d  on a c o u n t e r .  The  number o f  t r i a l s  w e r e  s i x ,  each  
o f  t h i r t y  s e c o n d s .  The a u th o r  found th e  two p l a t e  t a p p in g  a s  a f a c t o r  
r a t e  o f  arm movement w i t h  a l o a d i n g  o f  G . 5e i n  c o m p a r is o n  w i t h  o t h e r  
arm movement f a c t o r s  such ass  Ten T a r g e t  A im in g  -  C .6 6  and R o t a r y  
A im in g  -  O.^G.
W inneke  (197^*) used  one  and two p l a t e s  t a p p i n g  t e s t  in  f o u r  t r i a l s  
o f  15 s e c o n d s  e a c h ,  and in  f o u r  t r i . a l s  o f  MO s e c o n d s  e a c h ,  f o r  one and 
tw o  p l a t e s  r e s p e c t i v e l y ,  on s u b j e c t s  e x p o se d  t o  m e th y le n e  c h l o r i d e  and 
c a r b o n  m on ox id e .
• l i s  r e s u l t s  snowed a d e f i n i t e  im p a irm en t  o : '  th e  exp o sed  s u b j e c t s  
t o  m e th y le n e  c h l o r i d e  but f o r  s u b j e c t s  expo.-eu t o  5O p .p .m .  o f  c a rb o n  
m o n o x id e  ( l o w  l . v e l  o f  e x p o s u r e )  t h e  r e s u l t s  i n d i c a t e d  b e t t e r  p e r fo rm a n c e  
f o r  e x p o se d  than  f o r  c o n t r o l s ,  an u n e x p e c t e d  r e s u l t  w h ich  th e  a u th o r  
c o u l d  n o t  e x p l a i n  w i t h o u t  f u r t h e r  r e s e a r c h .
C h a f f i n  and T i l l e r  (1 9 7 ;i )  had used  th e  f i n g e r  t a p p in g ,  th e  t o e  
t a p p in g  ( l e f t  f o o t ,  r i g h t  f o o t  and a l t e r n a t e l y )  i n  a b a t t e r y  o f  
p o y ch o m o to r  t e s t s  i n  a b e h a v i o u r a l  and n e u r o l o g i c a l  e v a l u a t i o n  o f  w o rk e r s  
e x p o s e d  t o  i n o r g a n i c  m e rc u ry .
T h e i r  r e s u l t s  showed t h a t  th e  t a p p in g  t e s t  was one o f  th e  most 
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  in c r e a s e d  m ercu ry  body  b u rd en s .
R a t e s  f o r  f i n g e r  t a p p i n g ,  r i g h t  f o o t  t a p p i n q ,  l e f t  f o o t  t a p p in g  
and  a l t e r n a t e  f o o t  ta p p in g  w e r e  a l l  s i g n i f i c a n t l y  d e c r e a s e d  i n  th o s e  
p e o p l e  h a v in g  e l e v a t e d  m e rc u ry  b u rd en s .
Pag.? 1T0
When th e  w o rk e r s  h a v in g  i n i t i a l l y  h ig h  m ercury  l e v e l s  w ere  rem oved  
f r o m  e x p o s u r e ,  t h e i r  mean u r i n e  mercury  l e v e l s  d e c r e a s e d  and t h e i r  
t a p p i n g  r a t e s  in c r e a s e d  on a v e r a g e  about \(J p e r  c e n t ,  show ing a 
c o n s i d e r a b l e  r e v e r a l  e f f e c t .
R e g a r d in g  th e  l e a d  e xp o se d  p o p u la t i o n s ,  s t u d i e s  on ta p p in g  had 
b ee n  c a r r i e d  o u t  on c h i l d r e n .
L a n d r ig a n  e t  a l  (1 97 5 )  i n  a  work on n e u r o p h y s i o l o g i c a l  d i s f u n c t i o n  
i n  c h i l d r e n  w i t h  c h r o n i c  low  l e v e l  l e a d  a b s o r j j t i o n ,  in c lu d e d  among o t h e r  
m o to r  f u n c t i o n  t e s t s , t h e  t a p p in g  t e s t  w i t h  a s t y l u s ,  f i r s t  on one  and 
th e n  on two p l a t e s .  The t r i a l s  g i v e n  w e re  one o f  t en  secon d s  f o r  n on ­
d om in a n t  hand, and one o f  t en  s e c o n d s  f o r  dominant hand f o r  o n e  and
tw o  p l a t e s .
T h ey  showed th a t  c h i l d r e n  i n  the l e a d  group  w ere  s i g n i f i c a n t l y  
s l o w e r  in  f i n g e r  w r i s t  t a p p in g .
C o n t r a r i l y ,  b a lo h  (1075 ) u s i n g  th e  sane  m e th o d o lo g y  as  L a n d r i g a n  
e t  a l  ( 19 7 5 ) and th e  same e q u ip m e n t ,  c o u ld  n o t  f i n d  a s i g n i f i c a n t  
d i f f e r e n c e  b e tw een  th e  p e r f o rm a n c e  o f  t a p p in g  in  a g rou p  o f  c h i l d r e n  
w i t h  c h r o n i c  in c r e a s e d  le a d  a b s o r p t i o n  and in  t h e i r  c o n t r o l s .  The 
r e s u l t s  showed a t r en d  toward p o o r e r  s c o r e s  in  t e s t s  r e q u i r i n g  f i n e  m otor  
a b i l i t i e s  i . e .  t a p p in g  in  the  e l e v a t e d  l e a d  l e v e l  g r o u p ,  but t h e r e  was 
no s i g n i f i c a n t  d i f f e r e n c e .
1 0 .5 . 'd .  Equipment
The  t a p p in g  equ ipm ent u s e d  f o r  t h i s  w ork  i s  suown i n  K i g .  15 ( f a g e  I 08 ) 
The  tw o  m e t a l l i c  p l a t e s  a r e  e q u a l ,  o f  r e c t a n g u l a r  shape ,  th e  d im e n s io n s  
b e i n g :  l ' i . 5 / 2 0  cin. The two p l a t e s  a r e  s e p a r a t e d  by a b r i d g e  3 cm. w id e
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and 2 cm« h i g h .  The s t y l u s  c o n n e c t ed  t o  th e  p l a t e s  i s  lj cin. l o n g  
and 7 mm. o u t s i d e  d i a m e t e r .  The two p l a t e s  a r c  c o n n e c t e d  t o  a c o u n t e r  
t im e d  f o r  1 0 , 4o and 6o s e c o n d s ,  as  can be s een  i n  F i g . l 4  ( p a g e  10 8 ) .
The c o u n t e r  r e c o r d e d  th e  number o f  l e f t  p l a t e  t a p s ,  r i g h t  p l a t e  t a p s ,  
number o f  l a t c h e s  and t h e  number o f  b r i d g e  h i t s .  The  two p l a t e s  p l u s  
s t y l u s  w e re  e n c l o s e d  in  an  a c o u s t i c  b oo t l i  t o  r e d u c e  t i l e  n o i s e  made when 
p e r f o r m i n g  th e  t e s t  w h ich  would  h ave  d i s t u r b e d  o t h e r  s u b j e c t s  who 
p e r f o r m e d  s im u l t a n e o u s l y  on o t h e r  t e s t s  i n  t h e  same room .
The  number o f  t a p s  p e r fo rm e d  in  th e  s i n g l e  t a p p in g  t e s t  had a l s o  
been  r e g i s t e r e d  ori a t a p e  r e c o r d e r  and a n a ly s e d  on a  l e v e l  r e c o r d e r  by  
c o u n t i n g  th e  im p ac t  p e a k s .  I t  was c o n s id e r e d  th a t  t h i s  g a v e  a 
p erm an en t r e c o r d i n g  o f  t h e  t e s t  so  t h a t  the  r e s u l t s  c o u ld  be c h e c k e d  
and t o  m in im is e  the r e c o r d i n g  e r r o r .
A s t o p  w a t c h  w as u s e d  t o  m o n i t o r  t h e  t i m e  o f  r e s t  b e t w e e n  t h e  t r i a l s .
I O . 5 . 3 . P r o c e d u r e
The s u b j e c t  i s  s e a t e d  c o m fo r t a b l e  a t  a t a b l e  w h ic h  has th e  
a c o u s t i c  b o o th  w i t h  the  t e s t  i n .  The e x p e r im e n t e r  e x p l a i n e d  to  t h e  
s u b j e c t  t h e  p u rp o se  o f  t h e  t e s t  and th e  p r o c e d u r e .  T h i s  was f o l l o w e d  
by r e a d i n g  a l o u d  th e  main  p o in t s  o f  the  t e s t  p r o c e d u r e  f rom  ¿1 c a rd  
p l a c e d  in  f r o n t  o f  th e  s u b j e c t .
The t e s t  c o n s i s t e d  o f  t h r e e  t r i a l s  o f  one p l a t e  t a p p in g  and t h r e e  
t r i a l s  o f  t h e  two p l a t e  t a p p in g ;  th e  d u r a t i o n  o f  t h e  t h r e e  t r i a l s  w e r e  
1U, 40 .and 60 s e co n d s  r e s p e c t i v e l y .  T h e r e  was a s eco n d  r e s t  b e tw e e n  
t r i a l s  and 30 s econds  r e s t  b e tw een  s i n g l e  and d o u b le  t a p p in g  t r i a l s .
The  s u b j e c t  was i n s t r u c t e d  t o  s t a r t  t a p p in g  w i t h  dom inant hand 
a t  t h e  command " g o "  and t o  s t o p  a t  th e  command " s t o p " .  He was i n s t r u c t e d
t o  t a p  a s  q u i c k l y  us p o s s i b l e ,  k e e p in g  h i s  r i g h t  arm up ,  n o t  r e s t e d  
on the  t a b l e  when p e r f o r m i n g ,  k e e p in g  th e  s t y l u s  in  a v e r t i c a l  
p o s i t i o n ,  a v o i d i n g  h i t t i n g  th e  b r i d g e  when a l t e r n a t e l y  ta p p in g ,  
a im in g  a t  c o m p le t e  l a t c h e s .  ( K i g . l M  (P a g e  1 08 ) . D u r in g  th e  r e s t i n g  
p e r i o d s  t h e  s u b j e c t  r e s t e d  hi.s arm on th e  t a b l e .
The m easu rem en t*  made f o r  th e  ta p p in g  a b i l i t i e s  w e r e :
( 1 )  T a p p in g  d o u b le  p l a t e s ,  10 s e c .  t r i a l ,  number o f  l e f t  p l a t e  t a p s
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( 2 ) "  r i g h t  "
( 3 ) "  l a t c h e s
CM "  b r i d g e  h i t s
( 5 )  T a p p in g  d o u b le  p l a t e s , 60 s e c .  t r i a l ,  number o f  l e f t  p l a t e  t a p s
( 6 ) »  r i g h t  "
( 7 ) l a t c h e s
( 8 ) "  b r i d g e  b i t s
( 9 )  T a p p in g  d o u b le  p l a t e s ,  6o sec. t r i a l ,  number o f  l e f t  p l a t e  t a p s
( l o ) ii r i g h t  "
( 1 1 ) ii l a t c h e s
( 1 2 ) •i b r i d g e  h i t s
( 1 3 )  T a p p in g  s i n g l e  p l a t e . lO  s e c .  t r i a l ,  number o f  t a p s
( l M 40 s e c .  "
( 1 5 )  " 60 s e c .  "
1 0 .6 .  One -  h o l e  t e s t  
10 . 6 . 1 . Background
The  C n e - l l o l e  t e s t  was in c lu d e d  i n  the p r e s e n t  b a t t e r y  o f  p s y c h o ­
m oto r  t e s t s  as  a m easure  o f  s t e a d in e s s  and e y e - h a n d  c o - o r d i n a t i o n .
T h i s  t e s t  i s  a v a i l a b l e  f rom  L a f a y e t t e  In s t r u m e n t s  Co .  and has  be
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d e s i g n e d  .and v a l i d a t e d  by  d a l v e n d i  and Seymour ( 1 9 7 - ) )  i t  r e p r e s e n t s  
a  m o d i f i e d  P u rd u e  and O 'C onn or  t e s t ,  u s u a l l y  u s e d  t o  measure s t e a d i n e s s  
and  speed  o f  s k i l l  a c q u i s i t i o n .
The O n e -H o le  t e s t  was d e v e l o p e d  as  a r e s u l t  o f  e a r l i e r  
e x p e r i m e n t a t i o n  (Seymour 1959, 1966,& S a l v e n d i  19 6 8 ) on th e  a c q u i s i t i o n  
o f  i n d u s t r i a l  s k i l l s  f rom  w h ich  th e  h y p o t h e s i s  was f o r m u la t e d  t h a t  th e  
r a t e  o f  im provem en t i n  t h e  e l em e n ts  o f  d e x t e r i t y  t e s t s  wou ld  p r o v i d e  
b e t t e r  p r e d i c t i o n  o f  a s u b j e c t ' s  p e r fo rm a n c e  th a n  th e  g r o s s  s c o r e s  
t r a d i t i o n a l l y  u sed .
S a l v e n d i  and Seymour saw n e i t h e r  th e  l ’u rdu e  P egboard  n o r  t h e  O 'Connor  
f i n g e r  d e x t e r i t y  t e s t  as  b e in g  s u f f i c i e n t l y  c o n t r o l l e d  t o  c o n s t i t u t e  
an  a d e q u a te  t e s t  o f  speed  s k i l l  a c q u i s i t i o n ,  b e c a u s e  o f  th e  v a r i a b i l i t y  
i n h e r e n t  i n  g r a s p i n g  th e  p in s  from th e  t r a y ,  due  t o  th e  d i f f e r e n t  
d i s t a n c e s  t r a v e l l e d  b e tw e en  g r a s p in g  and p o s i t i o n i n g  th e  p in .
In  th e  O n e -H o le  t e s t ,  th e  t a s k  c o n s i s t s  o f  g r a s p in g  a p r e - p o s i t i o n e d  
p i n  i d e n t i c a l  w i tu  t h a t  u sed  i n  th e  Purdue  l ' e g b o a rd  t e s t ,  m ov ing  th e  
p i n  t o ,  and p l a c i n g  i t  i n ,  a  h o l e .
U le m e n ta l  t im es  ( r o a c h ,  g r a s p ,  p o s i t i o n i n g )  r a t h e r  than  th e  number 
o f  p in s  i n s e r t e d  p e r  u n i t  o f  t im e  a r e  im p o r ta n t  becau se  th e y  do n o t  
im p r o v e  e q u a l l y .  Due t o  p r a c t i c e ,  some im p ro v e  more than  o t h e r s  and 
t h o s e  e l e m e n t s  w i th  th e  h i g h e s t  p e r c e p t u a l  l o a d  and th e  g r e a t e s t  
v a r i a b i l i t y  i n  p e r fo rm a n c e  t im e  im p ro ve  th e  m o s t .
dard  (1 9 7 ^ )  i n  an i n v e s t i g a t i o n  i n t o  th e  e f f e c t s  o f  hard  p h y s i c a l  
w o rk  on f i n e  m a n ip u la t i v e  t a s k  had used th e  (J n e - l lo le  t e s t  as  m easu r in g  
n o t  o n ly  th e  a c q u i s i t i o n  o f  f i n e  m a n ip u la t i v e  s k i l l s ,  b u t  as  an i n d i r e c t
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m e a s u re  o f  t r em o r  i . e .  as  trem or  l e v e l s  i n c r e a s e  th e  s u b j e c t s  s h o u ld  
e x p e r i e n c e  more d i f f i c u l t y  in  q u i c k l y  and a c c u r a t e l y  p i c k in g  up  t h e  
p i n s  and p l a c i n g  them i n  th e  h b l c .
T h e  r e s u l t s  o f  h e r  work  in d i c . a t e  t h a t  hard  p h y s i c a l  work  i n c r e a s e s  
th e  t i m e  i t  t a k e s  an i n d i v i d u a l  t o  c o m p le t e  th e  I’ e gb o a rd  t a s k »  Hard 
w o rk  w i t h  o n l y  th e  arms causes  an im p a irm en t  o f  an i n d i v i d u a l ' s  a b i l i t y  
t o  c o m p l e t e  s u c c e s s f u l l y  a f i n e  m a n i p u l a t i v e  ta sk  im m e d ia t e ly  o n  
c e s s a t i o n  o f  t h e  w o rk ;  th e  e f f e c t  c o n t in u e s  up t o  30 m in u te s .  A l s o ,  
h a rd  p h y s i c a l  w o rk  w i t h  th e  arms i n c r e a s e s  th e  amount o f  hand t r e m o r  
e x p e r i e n c e d  by  an i n d i v i d u a l ,  ( t h e  c o n seq u en ce  b e in g  an im p a i rm e n t  i n  
p e r fo rn i i in c e  o f  a f i n e  m a n ip u la t i v e  t a s k . )  Even though th e  f o u r  e le m e n ts  
o f  r e a c h i n g ,  g r a s p i n g ,  moving nnd p l a c i n g  th e  p in s  w e re  not. s t u d i e d  
i n d i v i d u a l l y  and objectively i n  the One-Hole test used by Ward (1974), 
i t  w a s  c o n s i d e r e d  f rom  s u b j e c t i v e  r e p o r t s  nnd o b s e r v a t i o n s  t h a t  th e  
e l e m e n t  o f  p l a c i n g  t h e  p in  in  t h e  h o l e  was th e  most d i s t u r b e d  b y  e r r o r s  
o f  o v e r s h o o t i n g  and c o r r e c t i v e  a c t i o n  o f  th e  movement a s s o c i a t e d  w i th  an 
i n c r e a s e d  a m p l i t u d e  o f  hand t r e m o r .
1 0 . 6 . 2 .  Egni pment
The  O n e -H o le  t e s t  used in  t h i s  work  c o n s i s t s  o f  a t i n e  r e c o r d i n g  
c o u n t e r ,  and t h e  o n e - h o l e  t e s t  a p p a r a t u s  ( F i g s . 1 7  «  1 8 )  ( P a g e  1 0 9 ) .
T h e  t im e  r e c o r d i n g  c o u n te r  i s  c o n n e c t e d  t o  th e  t e s t  a p p a r a t u s  and 
i s  u s e d  t o  c o u n t  th e  t im e  o f  g r a s p  and p o s i t i o n i n g  in  each  one  m in u te  t r i a l .
The  O n e -H o le  a p p a ra tu s  w i t h  a  b u i l t  in  c o u n te r  i s  used  f o r  
p e r f o r m i n g  th e  t r i a l s  and t o  c o u n t  t h e  number o f  p in s  i n s e r t e d  i n  th e  
f i r s t  h a l f - m i n u t e  o f  each  t r i a l  and  th e  t o t a l  f o r  each  t r i a l  ( F i g .  17)
t
The  mechanism o f  t h e  O n e -H o le  t e s t  i s  d ependen t on th e  f o r c e  o f  
g r a v i t y .  The p in s  used  a r e  t h o s e  a d o p t e d  i n  th e  o r i g i n a l  P u rd u e -P e g b o a rd
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i . e .  i "  x  1 "  i n  s i z e .
The p l a s t i c  tu b e  (wh ich  c o n n e c t s  th e  g r a s p  and p o s i t i o n i n g  
l o c a t i o n )  i s  f i l l e d  w i t h  e i g h t  p i n s ,  on e  o f  wh ich  i s  l o c a t e d  in  t h e  
g r a s p  t r a y .  When a  p i n  ( a t  th e  g r a s p  l o c a t i o n )  i s  p i c k e d  up f rom  the 
t r a y  th e  n e x t  p in s  ( i n  the p l a s t i c  tu b e )  is  pushed down i n t o  t h e  t r a y  
by  t h e  g r a v i t a t i o n a l  f o r c e  a c t i n g  on th e  o t h e r  s e v e n  p in s .
A l l  t h e  p in s  u s e d  in  th e  O n e - i l o l e  t e s t  w ere  c l e a n e d  a t  i n t e r v a l s  
w i t h  a l c o h o l  and t i s s u e  xjape r  t o  k e e p  them f r e e  o f  g r e a s e .
1 0 . 6 . 3 .  P ro c e d u r e
The O n e -H o le  t e s t  i 3 a d m in i s t e r e d  f o r  s ev en  on e -m in u te  t r i a l s ,  w i t h  
a 5 -1 0  s econd  r e s t  b e tw e e n  th e  t r i a l s ,  in  wh ich  t h e  e x p e r im e n t e r  
r e c o r d e d  th e  s c o r e s  f r o m  th e  c o u n t e r  ( g r a s p  and p o s i t i o n i n g  t i m e )  
and t h e  s c o r e s  fr o m  t i i e  b u i l t - i n  c o u n t e r  o f  t h e  o n e - h o l e  a p p a r a t u s  i . e .  
t h e  number o f  p in s  i n s e r t e d  in  6o  s e c o n d s  t r i a l s .  The number o f  p in s  
i n s e r t e d  in  th e  f i r s t  h a l f - m in u t e  o f  each  t r i a l  a r e  a l s o  r e c o r d e d  
u s in g  a s t o p -w a t o h  s w i t c h e d  on a t  th e  b e g in n in g  o f  each  t r i a l  
s im u l t a n e o u s ly  w i t h  t h e  s w i t c h  o f  t h e  t im e  c o u n t e r .
The s u b j e c t  i s  s e a t e d  c o m f o r t a b l y  a t  a t a b l e  on wh ich  t h e  t e s t  
equ ipm en t i s  p l a c e d .  The O n e-H o le  t e s t  a p p a ra tu s  i s  a d ju s t e d  a t  45 d e g r e e s  
f o r  th e  r i g h t - h a n d e d  s u b j e c t s .
The f o l l o w i n g  i n s t r u c t i o n s  w e re  g i v e n  t o  th e  s u b j e c t !  " I  want 
t o  s e e  how many p in s  you  can i n s e r t  i n  t h a t  h o l e  i n  one  m in u te .  You 
w i l l  have  a t o t a l  o f  s e v en  t r i a l s ,  e a ch  l a s t i n g  o n e  m in u te ,  w i t h  f i v e  
s e c o n d s  r e s t  b e tw een  ea ch  t r i a l ,  in  w h ich  t im e  i f  you g e t  y o u r  f i n g e r s  
w e t  by  p e r s p i r a t i o n ,  d r y  them w i t h  t h i s  paper  t i s s u e .  L e t  me show you 
e x a c t l y  what t o  do 5"  the  e x p e r im e n t e r  g ra s p s  th e  o n e - p r e p o s i t i o n e d  
p i n ,  moves i t ,  and p o s i t i o n s  i t  t o  t h e  h o l e  and r e a c h e s  f o r  th e  n e x t  p i n .
t '
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R e p e a t  3 c y c l e s .  a f t e r  t h a t  d e m o n s t r a t io n ,  asks  th e  s u b j e c t  "Do you 
h a v e  any  q u e s t i o n s ? " .  I f  h e  has some q u e s t i o n s ,  th e  e x p e r im e n t e r  w i l l  
a n s w e r  a l l  o f  them . A f t e r  t h a t ,  he  t e l l s  t h e  s u b j e c t  "N ow  I  w i l l  t e l l  
you  when t o  s t a r t  and when t o  s t o p " .  The command i s :  " o r e  you r e a d y  
S t a r t  . . . . .  S t o p " .
( 1 )
( 2 )
( 3 )
( ' * )
( 5 )
( 6 )
( 7 )
(8)
( 9 )
( 1 0 )
( 11) 
( 12) 
( 1 3 )
P r o c e e d  w i t h  th e  same command f o r  eac l i  t r i a l .
The  s c o r e s  c o u n te d  f o r  o n e - h o l e  t e s t  w e r e :
Number o f  p i n s  i n s e r t e d  in  f i r s t  3D s eco n d s  -  l o w e s t
"  -  h i g h e s t
Number o f  p in s  i n s e r t e d  in  60 s econ d s  -  l o w e s t
"  -  h i g h e s t
Number o f  p in s  i n s e r t e d  in  s e v e n  t r i a l s  -  t o t a l
"  -  l o w e s t
-  h i g h e s t
T im e  c o r r e s p o n d in g  t o  g r a s p  ( s u c o n d s )  -
11 .
11 _
T im e  c o r r e s p o n d in g  t o  p o s i t i o n  ( s e c o n d s )
it
•1
t o t a l
l o w e s t
h i g h e s t
-  t o t a l
-  l o w e s t
-  h i g h e s t
F i g u r e  l 6
S e c t i o n  o f  t h e  o n e - h o l e  t e s t  a p p a ra tu s  show ing  th e  p a th  o f  th e  
p in  f r o m  th e  h o l e  a t  th e  t o p  ( a )  t o  the  r e c e i v i n g  pan a t  th e  bo t tom  (b )
a
( f r o m  S a l v e n d y  G, 1968)
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1 0 .7  TdS ADDING TEST
1 0 . 7 . 1 .  b a c k g r o u n d
I t  i s  p o s s i b l e  t h a t  i f  im p a irm en t  i n  th e  fu n c t i o n s  o f  th e  
h i g h e r  n e r v e  c e n t r e s  (w h ich  c o u ld )  a p p e a r  in  c h r o n i c  l o w  l e v e l  
e x p o s u r e  t o  l e a d  i t  c o u ld  be d e t e c t e d  w i t h  t e s t s  o f  p s y c h o l o g i c a l  
a b i l i  t i e s .
F l e i s h m a n  ( i 960 )  has d i v i d e d  a l l  p s y c h o l o g i c a l  s k i l l s  o r  
a b i l i t i e s  i n t o  t h r e e  c a t e g o r i e s :  p e r c e p t u a l ,  psychortiotor and 
c o g n i t i v e .
The a d d in g  t e s t  i s  a c o g n i t i v e  t e s t  and was chosen  f o r  p e r fo rm a n c e  
t e s t s  as  a decrem en t i n  p e r f o r m in g  t h i s  t e s t  c o u ld  be 
r e l a t e d  t o  c h a n g e s  i n  the  h i g h e r  n e r v e  c e n t r e s .
A d d in g  t e s t s  r e s e m b l in g  the  p r e s e n t  t e s t  have  been u sed  in  the 
f i e l d  o f  b e h a v i o u r a l  t o x i c o l o g y  t o  d e t e c t  dec rem en ts  in  th e  p e r fo rm a n ce  
o f  s u b j e c t s  e xp o se d  t o  d i f f e r e n t  l e v e l s  o f  ca rbon  m onoxide  ( S h u l t e  19 6 3 , 
Johnson  e t  a l  1974) o r  t o  h igh  body t e m p e r a tu r e s  ( W i l k in s o n  e t  a l ^ l 9 6 3 ) .
■Shulte w o rk in g  on 49 h e a l t h y  m ale  a d u l t s  e x p o s e d  t o  m i ld  
c a rb o n  m o n o x id e  i n t o x i c a t i o n  found t h a t  b o th  th e  c o m p l e t i o n  t im e  and th e  
number o f  e r r o r s  in  th e  a r i t l u n e t i c  t e s t  w e re  in c r e a s e d  c o r r e s p o n d in g  
w i t h  th e  i n c r e a s i n g  l e v e l  o f  ca rb on  m o n o x id e ,  and t h i s  c o u l d  be c o r e l a t e d  
t o  a l t e r a t i o n s  wh ich  ap peared  in  th e  h i g h e r  c e n t r e s  o f  t h e  c e n t r a l  
n e r v o u s  s y s t e m  in  t h a t  a r ea  o f  th e  b r a i n  wh ich  c o n t r o l s  some o f  the  
c o g n i t i v e  an u  p sych om oto r  a b i l i t i e s .  T h i s  a l t e r a t i o n  d o e s  o c c u r  a t  much 
l o w e r  l e v e l s  o f  e a rb o x y -h a e m o g lo b in e  th a n  th o s e  wh ich  a r e  n e c e s s a r y  t o  
p ro d u c e  s u b j e c t i v e  symptoms; f u r t h e r m o r e ,  the  d e g r e e  o f  a l t e r a t i o n  in  
p s y c h o l o g i c a l  a b i l i t i e s  may be  q u i t e  p r o fo u n d  b e f o r e  any c h e m ic a l  s i g n s  
o f  s u b j e c t i v e  symptoms a r e  e l i c i t t e d .
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J ohnson  e t  a l  (1 9 7 '» )  u s e d  an a d d in g  t o s t ,  named Complex 
A r i t h m e t i c ,  t o  t e s t  th e  b e h a v i o u r a l  p e r fo rm a n c e  c a p a c i t y  o f  w o rk e rs  
a t  p o s s i b l e  e x c e s s i v e  e x p o s u r e  t o  c a rb o n  m on ox ide .
The a r i t h m e t i c  t a s k  c o n s i s t e d  o f  a d d in g  s e t s  o f  f i v e  numbers 
a r r a n g e d  i n  c o lu m n s .
liach s u b j e c t  was l i m i t e d  i n  t im e  t o  s i x  m in u t e s ,  and had been 
i n s t r u c t e d  t o  c o m p le t e  as  many a d d i t i o n s  p rob lem s  a s  p o s s i b l e  and as 
a c c u r a t e l y  a s  p o s s i b l e .  The  number o f  p rob lem s  c o m p le t e d  w i t h i n  th e  
a l l o t t e d  t i m e  and th e  number o f  e r r o r s  c o n s t i t u t e d  th e  p e r fo rm a n c e  
m easure  f o r  t h i s  t a s k .
W i l k in s o n  e t  a l  ( 19 6 3 ) s t u d i e d  th e  p e r fo rm a n c e  o f  12 normal 
m a le  v o l u n t e e r s  on  a b a t t e r y  o f  p e r fo rm a n c e  t e s t s ,  among them an 
a d d in g  t e s t ,  a t  d i f f e r e n t  l e v e l s  o f  r a i s e d  body t e m p e r a tu r e .
The a d d in g  t e s t  c o n s i s t e d  in  s im p l e  a d d i t i o n s  ( f i v e  l i n e s  and f i v e  
co lum ns  o f  t w o - d i g i t  numbers) t o  be  added  and th e  answer w r i t t e n  
down in  e a c h  co lum n and each  ro w ,  and a  griind t o t a l  f i n a l l y  o b t a in e d .
The r e s u l t s  o b t a in e d  f o r  th e  a d d in g  t e s t  showed a d e t e r i o r a t i o n  
w i t h  i n c r e a s i n g  body  t e m p e r a tu r e .  The r e s u l t s  o f  th e  t e s t  s u g g e s t  
t h a t  p r e s e n c e  o f  a  c a s u a l  r e l a t i o n s h i p  b e tw een  th e  p e r fo rm a n c e  and 
b od y  t e m p e r a tu r e  i . e .  th e  i n t e r n a l  t e m p e r a tu r e  o f  t h e  body c o u ld  be 
r e s p o n s i b l e  f o r  ch a n ge  in  p e r f o r m a n c e .
D e s c r i p t i o n  o f  th e  t e s t
The p r e s e n t  a d d in g  t e s t  c o n s i s t s  o f  t en  s q u a r e s ,  each  squ a re  
h a v in g  f i v e  l i n e s ,  each  l i n e  f i v e  t w o - d i g i t  numbers. The numbers w e re  
t a k e n  f rom  th e  t a b l e s  o f  random numbers -  ll-o w l i e  ( 19 6 8 ) .
The t e n  s q u a r e s  w e re  p u t  on t o  s h e e t s  o f  p a p e r , each  s h e e t  c o m p r i s i n g
f i v e  s q u a r e s .  The s h e e t s  w e r e  numbered and a t o t a l  o f  f o u r  d i f f e r e n t  
s h e e t s  c o n s t r u c t e d  -  A p p e n d ix  No. 4 .
10 . 7 * 2 . P ro c e d u re
The  s u b j e c t  was in f o r m e d  about th e  purpose  o f  t h e  t e s t  and a sk ed  
t o  add t h e  numbers f o r  e a c h  l i n e  and w r i t e  down th e  t o t a l .  A f t e r  
t h a t  he  was asked  t o  add t h o  f i v e  t o t a l s  f o r  th e  f i v e  l i n e s  o f  a  s q u a re  
and w r i t e  down a g rand  t o t a l  a t  th e  bo t tom  o f  th e  s q u a r e .  A f t e r  
f i n i s h i n g  the  f i r s t  s q u a r e  t h e  s u b j e c t  was asked t o  c o m p le t e  th e  squa re  
No. 2 and  so on i n  o r d e r .  The  name o f  th e  s u b j e c t ,  t h e  t im e o f  t h e  
s t a r t  and  th e  t im e  o f  th e  f i n i s h i n g  o f  tu e  t e s t  w e re  n o t e d  by  th e  
e x p e r im e n t e r .
Tho s c o r e s  o f  th e  t e s t  in c lu d  >d the  number o f  t h e  e r r o r s  and th e  
t im e  t a k e n  to  p e r fo rm  th e  t e s t ,  in  m in u tes .
10 .8  T ' Id TUhMOlt TaST
10 . 8 . 1 . Background
The p h y s i o l o g i c a l  t r e m o r  r e p r e s e n t s  f i n e  r e g u l a r  o s c i l l a t i o n s  
wh ich  a r e  s u p o r in p o sed  on t h e  e l e c t r i c a l  r e c o r d  o f  t h e  c o n t r a c t i o n  o f  
th e  v o l u n t a r y  muscle, i t s e l f .  Most normal p e o p l e  h ave  some t r e m o r  
s u p er im p o sed  on t h e i r  m u s c u la r  a c t i v i t y  wh ich  does  n o t  u s u a l l y  e x c e e d  
2% o f  t h e  p h y s i o l o g i c a l  r a n g e  o f  a m p l i tu d e s  o f  movement o f  t h e  l i m b .
The  rhythm o f  th e  p h y s i o l o g i c a l  t r em o r  ra n g es  b e tw e en  8 -1 2  H z .  
L i p p o l d  (1 9 7 1 )*
B ru in l ick  anu Yap ( 1 9 7 0 )  c l a s s i f i e d  human tr em or  i n :  r e s t ,  
p o s t u r a l ,  i n t e n t i o n a l  n o rm a l  ( p h y s i o l o g i c a l )  and abn o rm a l  ( p a t h o l o g i c ) .
T h e  r e s t  t r em o r  i s  d e f i n e d  as t h a t  s t a t e  in  w h ic h  t h e r e  i s  no 
v o l u n t a r y  i n n e r v a t i o n  o f  t h e  m u scu la tu re ,  t h e r e f o r e  a  c o m p le t e  v o l u n t a r y
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r e l a x a t i o n  i s  p o s s i b l e .
T b e  t h e o r i e s  h a v e  been  ad van ced  t o  e x p l a i n  norm al r e s t  t r em ors
( 1 )  U r u m l i c k  and Yap  (1 9 7 ^ )  in  th e  b a l l i s t o c a r d i o g r a p h i c  h y p o t h e n s i s  
h o ld  t h a t  normal r e s t  t r em o r  i s  a c a r d i o r e s p i r a t o r y  phenomenon.
( 2 )  T h e  m i c r o v i b r a t i o n  h y p o t h e s i s  m a in t a in s  th a t  normal r e s t  t r em o r  
a r i s e s  f r o m  th e  c o n t i n u a l  c o n t r a c t i o n  o f  i n d i v i d u a l  m usc le  f i b r e s  
( U r u m l i c k  and Yap 197t>) .
( 3 )  L i i > p o l d  ( 1 9 7 1 )  g a v e  a n o t h e r  h y p o t h e s i s  w h i c h  s e e s  t h e  t r e m o r  
a s  a  c o m p o n e n t  s u p e r i m p o s e d  upon n o rm a l v o l u n t a r y  m u s c l e  a c t i v i t y ,
a  " h u n t i n g "  m e c h a n i s m ,  a s e r v o - m e c h a n i s m  i n  t h e  r e f l e x  a r c  t h a t  c o n t r o l s  
th e  m u s c l e .
P o s t u r a l  t r e m o r  i s  e q u i v a l e n t  t o  s t a t i c  t r em o r  and r e f e r s  t o  
that pos.t t i o n  when the part is voluntarily held still against th e  force 
o f  g r a v i t y ,  as  when t h e  arm i s  h e ld  o u t s t r e t c h e d .
I n t e n t i o n a l  t r e m o r  ( k i n e t i c  o r  movement t r e m o r )  i s  t h a t  when th e  
p a r t  o f  t h e  body  i s  moved p u r p o s e f u l l y  tow a rd s  a g o a l .
A l l  no rn u l  t r e m o r s  -  normal r e s t  t r e m o r ,  normal p o s t u r a l  t r em o r  and 
i n t e n t i o n a l  t r em o r  t e n d  t o  s iow a l a r g e  f r e q u e n c y  component b e tw e en  (5-12 Hz.
I n  t h e  abnormal t r em o r  g ro u p ,  abnormal r e s t  t r em o r  wh ich  may be  s e e n  
i n  e x t r » p y r a m i d a l  d i s e a s e  such as  P a rk in s o n is m ,  has  a f r e q u e n c y  o f  8 l ( z .
A b n o rm a l  p o s t u r a l  t r em o r  i s  found  i n  c a s e s  o f  a l c o h o l i s m  and 
t h y r e o t o x i c o s i s  w h e r e ,  w h i l e  th e  f r e q u e n c y  i s  w i t h i n  th e  norm a l r a n g e ,  
a m p l i t u d e  may be i n c r e a s e d  a b n o r m a l l y ,  -  Uachrach and B e n n e t t  ( 1 9 7 3 ) .
i l e g a r d i n g  th e  p a t h o l o g y  o f  t h e  t r e m o r ,  Holmes (19&t>) showed th a t  
th e  m i d b r a i n  c o u ld  p l a y  an im p o r ta n t  p a r t  in  g e n e r a t i n g  p a t h o l o g i c a l  
t r e m o r  w h e n  one  o f  i t s  p a r t s ,  th e  c e n t r a l  p a r t  ( te gm en tu m ) o r  th e  d o r s a l  
p a r t  ( t e c t u m )  i s  a f f e c t e d .
The tegmentum c o n t a i n s  tw o  l a r g e  n u c l e i  -  s u b s t a n t i a  n i g r a ,  
and r e d  n u c le u s «
Holmes ( i 960 ) g a v e  th e  h y p o t h e s i s  t h a t  l e s i o n s  o f  s u b s t a n t ia  n i g r a  
a r e  r e g a r d e d  a s  s i g n a l i s e d  by  i n v o l u n t a r y  movements (p resu m ab ly  t r e m o r )  
d u r in g  v o l u n t a r y  movements .
T h i s  i m p l i e s  t h a t  under normal c o n d i t i o n s ,  s u b s t a n t i a  n i g r a  
p a r t i c i p a t e s  in  th e  s t a b l i s a t i o n  o f  v o l u n t a r y  movement.
The r o d  n u c le u s  has been  d e s c r i b e d  by  J en k n er  and Ward (1 9 5 3 )  a s  
a " t r e m o r o g e n i c "  z o n e .  C a rey  and Degong (195^*) i n d i c a t e  in  t h e i r  s t u d i e s  
t h a t  t r e m o r  may be o b t a in e d  by s t i m u l a t i n g  o r  d e s t r o y i n g  m id b ra in  r e g i o n s ,  
b e tw een  p a r i e t a l  r e g i o n s  and th e  r e d  n u c l e u s .
The p h y s i o l o g i u i  t r em o r  c o u ld  be  a f f e c t e d  by numerous f a c t o r s  such  
us: e m o t i o n a l  s t r a i n ,  a g e ,  v i s u a l  a c u i t y ,  l o w  te m p e ra tu re  o f  th e  l i m b s ,  
a l t e r a t i o n  in  m u sc le  l e n g t h ,  f a t i g u e  e t c .  -  Ward (1 9 7 /* ) «
The e m o t io n a l  s t r a i n  c o u ld  g e n e r a t e  an in c r e a s e  in  am p l i tu d e  o f  
th e  norm al t r em or  and a hump i n  the  s p e c t ru m  a t  10-12 Hz.
The age  i s  c o r r e l a t e d  w i t h  the  a v e r a g e  f r e q u e n c y  o f  t r em or  i . e .  
b e tw een  C -9  y e a r s  o l d ,  th e  a v e r a g e  f r e q u e n c y  o f  t r em or  i s  7 .6  H z . ,  
b e tw een  20-29  y e a r s  o l d  t b e  a v e r a g e  f r e q u e n c y  o f  t r em o r  i s  IO.U Hz. an d  
o v e r  60 y e a r s  o l d  t h e  a v e r a g e  f r e q u e n c y  o f  t r em o r  i s  B .3  Hz. — Ward ( 197^*) *
V i s u a l  a c u i t y  i s  r e l a t e d  t o  t r em or  so  t h a t  p e o p l e  w i t h  p oo r  e y e s i g h t ,  
e s p e c i a l l y  l o n g - s i g h t e d  i n d i v i d u a l s  ( h y p e r m é t r o p e s )  show an u n u s u a l l y  
l a r g e  amount o f  f i n g e r  t r e m o r .
C o o l i n g  th e  t e m p e r a tu r e  o f  th e  l im b s  i s  accompanied  by a r e d u c t i o n  
i n  th e  a m p l i tu d e  o f  p h y s i o l o g i c a l  t r e m o r .
A l s o ,  a l t e r a t i o n  in  m u sc le  l e n g t h  i s  c o r e l a t e d  w i t h  p h y s i o l o g i c a l
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t r e m o r j  when a m u sc le  i s  s t r e t c h e d  under a l o a d  the  p h y s i o l o g i c a l  
t r e m o r  i s  a c c e n tu a t e d .
A n o th e r  f a c t o r  c o u l d  b e  f a t i g u e ,  i . e .  d u r in g  f a t i g u e  th e  m u sc le  
e x h i b i t s  a s l i g h t  r i s e  i n  t r e m o r  f r e q u e n c y  and a marked i n c r e a s e  in  
a m p l i t u d e .
I n  t h e  p r e s e n t  w ork  I  i n c lu d e d  th e  t e s t i n g  o f  t r e m o r  as  a  measure  
o f  m o to r  f u n c t i o n  in  l e a d  e xp o se d  p e o p l e ,  b e c a u se  one  o f  t h e  c l a s s i c t i l  
e a r l y  s i g n s  o f  n e u ro m u s c u la r  d i s f u n c t i o n ,  e s p e c i a l l y  i n  c a s e s  o f  c h r o n i c  
l e a d  i n t o x i c a t i o n  i s  t r e m o r .
K a v a s i n i  (19& 1 ) nm! S im pson  e t  a l  ( l h ^ t )  m en t io n ed  t r em o r  among th e  
c l i n i c a l  symptoms i n  l o a d  exp o sed  p e o p l e .
W i l s o n  (1 9 5 ^ )  d e s c r i b e d  among the p a t h o l o g y  o f  m otor  s y s t em  in  l e a d  
p o i s o n i n g  th e  symptom o f  " t r e m o r  s a tu r n im u s " ,  wh ich  i s  d e s c r i b e d  by him 
a s  an i r r e g u l a r  movement o f  i n t e r o s s e i  m u s c le s  and th e  d i s t a l  g ro u p  
g e n e r a l l y  and o f  t h e  l i p s ,  n o t  d i s t i n g u i s h a b l e  from  a n a lo g u e  t r em o r  
s e e n  i n  m e r c u r i a l i s m .  ( I n  m e r c u r ia l  ism the f i n g e r s  t r e m b le  by  
t h e m s e l v e s ,  a t  f i r s t  i s  o b s e r v e d  a d e l i b e r a t e  movement,  and i t  e v e n t u a l l y  
b ecom es  c o n t in u o u s  w i th  a  f r e q u e n c y  o f  8 -9  ilx. and i s  augmented  when th e  l im b s  
a r e  u s e d .  T h i s  t r e m o r  r e s p o n d s  t o  e m o t io n a l  s t i m u l i ) .
Kepko e t  a l  ( 19 7 /*) s t u d i e d  th e  t r em o r  i n  f o u r  subgroups  o f  l e a d  
w o r k e r s  w i t h  l e a d  i n  b l o o d  b e lo w  7b ug/l*>C m l .  and on f o u r  su b g rou p s  
o f  l e a d  w o r k e r s  w i t h  l e a d  i n  b l o o d  ab ove  70 ug/lOO m l.  The t r e m o r  
w a s  measured  in  c o n j u n c t i o n  w i th  m uscu la r  s t r e n g t h ,  enduran ce  and 
r e c o v e r y .
The r e s u l t s  snowed t h a t  th e  f o u r  su b grou p s  ab ove  70 ug/lGO m l.  
b l o o d  p r e s e n t e d  c o n s i d e r a b l y  more t r e m o r  th a n  th e  o t h e r  f o u r  su b g ro u p s .
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A l l  o f  t i l e  tr i -m or measures  o f  th e  e x p o s e d  group  w e re  s i g n i f i c a n t l y  
n e g a t i v e l y  c o r r e l a t e d  w i th  ALA-D ( a m i n o - l e v u l i n i c  a c i d  d e h i d r a t a s e ) .
I n  no c a s e  w e re  t h e s e  c o r r e l a t i o n s  s i g n i f i c a n t  f o r  c o n t r o l  w o rk e r s .
The c o n c l u s i o n  drawn by th e  a u th o rs  was th a t  t h e r e  i s  a  p r o g r e s s i v e l y  
g r e a t e r  amount o f  t r em or  a s s o c i a t e d  w i t h  l e v e l s  o f  l e a d  b e tw e en  7ti-79 ug/lOOml. 
b l o o d .
1 0 . 8 . 2 .  E q u i  pment
The equ ip m en t  f o r  th e  t r em o r  t e s t  was borrowed  f rom  The  Koya l  N ava l
E n v i r o n m e n ta l  M e d i c in e  U n i t .  The t e s t  equ ipm ent co  p r i s e d :
E i g h t - c h a n n e l  p o r t a b l e  m a g n e t i c  ta p e  r e c o r d e r  -  E .E .L a b s  (EM I)
L t d .  Eng land
O s c i l l o s e o p e
P a p e r  S lecorder
A c c e l e r o m e t e r
Z e r o - i n g  p o t e n t i o m e t e r
U a la n c e  board
A scheme o f  th e  s e t t i n g  o f  t h e  t r em o r  equ ipm ent i s  g i v e n  i n  F i g u r e  19 
( P a g e  13**).
P o s t u r e  t r em or
An a c c e l e r o m e t e r  was s t r a p p e d  t o  th e  in d e x  f i n g e r  o f  t h e  p r e f e r r e d  
hand and th e  o u tp u t  a m p l i f i e d  by a p r e a m p l i f i e r .  A power a m p l i f i e r  was 
th e n  used  t o  e n l a r g e  th e  s i g n a l  p r i o r  t o  i t  b e in g  f e d  i n t o  on e  channe l 
o f  uti e i g h t  c h a n n e l  ta p e  r e c o r d e r  and an o s c i l l o s c o p e .
I n t e n t i o n  t r e m o r
The s u b j e c t  had t o  p r e s s  on a f o r c e  l e v e r  u s in g  th e  s e c o n d  f i n g e r  
o f  the  p r e f e r r e d  hand .  The f o r c e  r e q u i r e d  was 0 .5  k g .  w e i g h t  and th e  
o u tp u t  was f e d  t o  a gauge  f o r  th e  s u b j e c t  t o  v i s u a l l y  m o n i t o r  h i s  
p e r fo rm a n c e  t o  an e i g h t  ch an n e l  t a p e  r e c o r d e r  and an o s c i l l o s c o p e .
F i g u r e  19 -  Scheue; o f  equipment used f o r  t e s t i n o  tremor
accelorometer
zeroing
potentiometer
zeroing
potentiometer
power amp
r= ì V ___ *
— » Video Tepe Recorder
oscilloscope
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P r i o r  t o  ea ch  e x p e r im e n t  t h e  f o r c e  l e v e r  was c a l i b r a t e d  w i th  a 0 .5  k g .  
w e i g h t .
B a la n ce  h oa rd
T h i s  p a r t  o f  t h e  t e s t  c o n s i s t e d  o f  a  p l a t e  suspended a t  th e  f o u r  
c o r n e r s .  To one  c o r n e r  was a t t a c h e d  a s t r a i n  gauge w i t h  a ¿ e r o - i n g  
p o t e n t i o m e t e r .  The o u tp u t  o f  th e  s t r a i n  gauge  was a m p l i f i e d  and f e d  
t o  a m u l t i c h a n n e l  t a p e  r e c o r d e r  and a pen  r e c o r d e r .  »h en  th e  s u b j e c t  
s to o d  on th e  b a la n c e  hoard  any i n n e q u a l i t y  i n  the  w e i g h t  c a r r i e d  by  the 
s i d e  o f  t h e  b oa rd  was com pensa ted  f o r  by  u s in g  th e  z e r o - i n g  p o t e n t i o m e t e r .  
1 0 . 8 . 3 «  P r o c e d u r e
I n t e n t i o n  t r em o r  ( F i g u r e  2 0 )  (P a g e  110)
The  s u b j e c t  i s  s e a t e d  a t  th e  t a b l e  w i t h  h i s  r i g h t  w r i s t  hand on 
t n *  t a b i c .  He i n s e r t s  th e  s econd  f i n g e r  o f  th e  p r e f e r r e d  hand i n t o  the  
f i n g e r  h o l d e r  and a p p l i e s  a sm a ll  p r e s s u r e  on the l e v e r  u n t i l  th e  n e e d l e  
r e a c h e s  t h e  z e r o  p o s i t i o n ;  th e  s u b j e c t  i s  asked t o  k e e p  th e  n e e d l e  as
s t i l l  a s  he  can  and on th e  z e r o  f o r  two m in u te s .
P o s t u r a l  t r em o r  ( F i g u r e  2 1 )  (P a g e  H O )
The s u b j e c t  i s  asked  t o  s tan d  and t h e  a c c e l e r o m e t e r  i s  f i x e d  t o  the 
in d e x  f i n g e r  o f  h i s  p r e f e r r e d  hand. The arm i s  o u t s t r e t c h e d  a t  th e  l e v e l  
o f  th e  e y e s  p o i n t i n g  t o  a  p o i n t  on th e  w a l l .  He i s  a sk ed  to  k eep  t h i s
pos  t i o n  as  s t i l l  a s  he can f o r  two m in u t e s .
b a la n c e  b oa rd  ( F i g u r e  21 )
The  s u b j e c t  i s  a sked  t o  s tand  on t h e  board  k e e p in g  as s t i l l  a s  he 
can  f o r  tw o  m in u te s  w i t h  t h e  e y e s  open and f o r  a n o th e r  two m inutes  w i th  
th e  e y e s  s h u t .
Xhe p a ra m e t e r s  m easured  f o r  each  o f  t h e  fou r  t r em o r  ( p o s t u r a l  , 
i n t e n t i o n ,  b a la n c e  b o a rd ,  e y e s  open and o y e s  sh u t )  r e p r e s e n t e d  a number 
o f  64 v a r i a b l e s ;  each  o f  t h e s e  v a r i a b l e s  r e p r e s e n t s  t h e  mean v a l u e  o f
-  .. nf Ci 3 -3 2  i l l .  i n  s t e p s  o f  0 .5
pow er o v e r  a spec t ru m  o f  f r e q u e n c y
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i.n. v a r i a b l e  1 = spectrum  0 - 0 .5  H z .  , v a r i a b l e  2 = spectrum  0 . 5 - 1  Hz. 
and s o  on u n t i l  v a r i a b l e  f>4 = s p e c t ru m  3 1 .5 -3 2  Hz. A t o t a l  o f  2 56  
v a r i a b l e s  r e s u l t e d  in  the  f o u r  t r e m o r s .
10 .9  N¿HVIS CONDUCTION V01.GC1TY
1 0 . 9 » 1 • backgrou n d
N e rv e  c o n d u c t i o n  v e l o c i t y  r e p r e s e n t s  th e  speed  a t  wh ich  th e  
n e r v e  im p u ls e  t r a v e l s  a l o n g  a n e r v e .  The measure  o f  t ^ i s  v e l o c i t y  
i s  o n e  o f  th e  n e u r o p h y s i o l o g i c a l  t e c h n iq u e s  in t r o d u c e d  i n t o  t h e  f i e l d  
o f  o c c u p a t i o n a l  m e d i c in e  f o r  th e  p u r p o s e  o f  r e v e a l i n g  c e r t a i n  t y p e s  
o f  d i s t u r b a n c e s  w i t h i n  th e  n e r vo u s  s y s t em  produced  by t o x i c  s u b s t a n c e s  
i n  tr ie  work  e n v i r o n m e n t .  f o r  e x a m p le ,  in  t h e  rr.-.scnt c o n t e x t ,  t h a t  
o f  l e a d  p o i s o n i n g ,  t h e  c l a s s i c a l  syraptotn-pare3 i s  o f  t h e  r a d i a l  n e r v e  
l o a d i n g  t o  w r i s t  d r o p ,  p r a c t i c a l l y  b e l o n g s  to  h i s t o r y ,  but some w o r k e r s  
may s t i l l  c o m p la in  o f  numbness, c ra m p s ,  p in s  and n e e d l e s  and p a i n  in  
t h e i r  l im b s ,  and 1 hoped t o  s tu d y  t h e  s i g n i f i c a n c e  o f  t h e s e  e a r l y  
symptoms a g a i n s t  th e  n e r v e  c o n d u c t i o n  v e l o c i t y  changes  i f  a n y ,  i n  
l e a d  w o r k e r s .
I n  th e  c h a p t e r  on t o x i c  e f f e c t s  o f  l e a d  on th e  n e r vo u s  s y s t e m  
9 . 2 , th e  l i t e r a t u r e  c o n c e r n in g  w o rk  on  n e r v e  c o n d u c t io n  v e l o c i t y  in  
l e a d  p o i s o n in g  was r e v i e w e d  ( s e c t i o n  9 * ^ . 3 « 3 » ^ « )  • I *  i s known, H est  
and durkc  (1 9 5 5 )  t h a t  a p e r i p h e r a l  n e r v e  i s  c om pr ised  o f  a b u n d l e  o f  
a x o n s ,  th e  axon  b e in g  a s s o c i a t e d  w i t h  a s i n g l e  n e r v e  c e l l  o r  n e u ro n  
( f i g u r e  2 2 )  ( P a g e  1 3 7 ) .  T h e  ne v e  c e l l ,  e i t h e r  m otor  o r  s e n s o r y ,  c o n s i s t s  
a c e l l  b o d y ,  a s e r i e s  o f  s h o r t  p r o c e s s e s  known as d e n d r i t e s  and  th e  axon .
. I
Kitiure 22 - Tile anatomy of a peripheral nerve
oligodendoglla dorsal root
(froni ¿ c a la  11.A. 197^)
T h e  body o f  th e  p e r i p h e r a l  m oto r  n e r v e  c e l l  i s  found  in  th e  
a n t e r i o r  p o r t i o n  o f  th e  s p in a l  c o r d  w h i l e  th e  s e n s o r y  n e r v e  c e l l  body
T h e  c e l l  body  s u p p o r t s  the  f u n c t i o n  o f  th e  axon  by m a in t a in in g  
a f l o w  o f  n u t r i e n t  m a t e r i a l  f rom  th e  c e l l  body down th rou gh  th e  axon 
i t s e l f .
I n  a m otor  n eu ro n e  th e  r e c e p t i v e  segment i n c l u d e s  th e  d e n d r i t e s  
and t h e  c e l l  b ody  w h i l e  th e  axon i s  the c u n d u c t i l e  segm ent.
A i . iotor axon  t e r m in a t e s  in  the  m otor  end p l a t e  o f  t h e  m usc le  and 
i s  r e s p o n s i b l e  f o r  s t i m u l a t i n g  th e  c o n t r a c t u a l  p r o c e s s  o f  th e  m u sc le .  
^ F i g u r e  2 3 )8 e
F ig u re  2.3 ~ The sc l i  ■ o f  a m o t e r  u ni  '
i s  i n  t h e  dojr%l r o o t  g a n g l i o n .
spina! cord
spinal n
ce ll body 
of neuron
m uscle fibres
( f r o m  S m orto  P .M .  and Uasm ajian  J . V .  1972)
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U s u a l l y  a l l  n e r v e  f i b r e s  o v e r  2 m ic ro n s  in  d i a m e t e r  a r e  s h ea red  
w i t h  o  f a t t y  s u b s ta n c e  known a s  m y e l in «  The s h ea th  i s  p e r i o d i c a l l y  
i n t e r r u p t e d  w i t h  gaps  and n o d e s  o f  i t a n v i e r y .  Some s e n s o r y  axons  have  
no m y e l i n  s h e a th  and a r e  r e l a t i v e l y  s l o w  c o n d u c t in g .  A l l  a x o n s ,  w h e th e r  
m o to r  o r  s e n s o r y  and w h e th e r  sh ea th ed  w i t h  m y e l in  o r  n o t  a r e  su rrou nded  
by Scliwann c e l l s .
I n t e r f e r e n c e  w i t h  th e  s t r u c t u r a l  m a in ten a n ce  p rogram  o f  th e  neu ron  
inay r e s u l t  in  a d e g e n e r a t i o n  o f  £« d i s t a l  p o r t i o n  o f  t h e  axon .  T h is  
d e g e n e r a t i o n  i s  f o l l o w e d  by  a  l o s s  o f  th e  p r o p e r t y  o f  im p u ls e  t r a n s m is s i o n .  
I f  t h e  damage i s  c o n f in e d  t o  m y e l in ,  th e  o n ly  r e s u l t  w i l l  be  a r e d u ce d  
c o n d u c t i o n  speed  and r e m y e l i n a t i o n  can o c c u r  w i t h o u t  any o t h e r  l o s s  o f  
f u n c t i o n .  T h i s  i n j u r y  p r o c e s s  i s  r e l a t i v e l y  r a p i d  and chan ges  a r e  q u i t e  
e v i d e n t  w i t h i n  two t o  t h r e e  w eek s  -  S c a l a  (1 9 7 6 ) .
T r a n s s e c t i o n  o r  o t h e r  s e v e r e  damage t o  th e  p e r i p h e r a l  n e r v e  f i b r e  
( a x o n )  i t s e l f  r e s u l t s  in  a l o s s  o f  f u n c t i o n  o f  t h a t  n e r v e  c e l l .
¿Subsequent t o  t h i s  t y p e  o f  damage i s  a p a t t e r n  o f  an a tom ic  ch a n ges  
known as i / a l l e r i a n  d e g e n e r a t i o n  -, i n  wh ich  th e  axon and th e  m y e l in
break,  up i n t o  s m a l l  o v o i d  b o d i e s  wh ich  a r e  l a t e r  p h a g o c y t i z e d .
H e p a i r  o f  t h e s e  s e v e r e  a x o n a l  damage i s  s lo w  b ec a u se  b o th  
r e g e n e r a t i o n  o f  th e  axon and r e m y e l i z a t i o n  must o c c u r .
S c h e m a t i c a l l y  th e  s e q u e n c e  o f  t h e s e  e v e n t s  can b e  seen  in  F i g u r e  24 
( P a g e  l 4 o ) .
A x o n a l  r e g e n e r a t i o n  i s  a t  the  r a t e  o f  abou t one m i l l i m e t e r  p er  
day  -  S c a la  ( 1 9 7 6 ) .  H e c o v e r y  o f  th e  i n t e g r i t y  o f  a p e r i p h e r a l  n e r v e  
i s  p o s s i b l e  b ecau se  numerous Schwann c e l l s  w i l l  e f f i c i e n t l y  r e m y e l i n a t e  
th o  d e v e l o p i n g  axon .
Figure 2 !i - The senuonce of events in axonal neuropathy
(from ocale it.A« 1976)
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T l i i s  c a n n o t  occur* i n  th e  c e n t r a l  n ervou s  s y s t e m  but o n l y  in  
t h e  p e r i p h e r a l  n e r v o u s  sys tem .
R e g a r d in g  th e  l e a d  p o i s o n in g ,  th e  h i s t o l o g i c a l  chan ges  in  
n e r v e s  have  b een  r e v i e w e d  i n  C h ap te r  9 . 2 . 1 .  o f  t h e  p r e s e n t  work ,  
f r o m  wh ic i i  i t  was c o n c lu d e d  th a t  th e  t y p e  o f  t h e  n eu ro p a th y  and 
t h e  p a t h o l o g y  o f  th e  m y e l i n  shea th  in  t h i s  p a r t i c u l a r  p o i s o n in g  a r e  
s t i l l  u n c l e a r .
On t r a n s m is s i o n  o f  th e  n e r vo u s  im pu lse  i t  i s  known ( b e s t  1955) 
t h a t  a s t im u lu s  i n i t i a t e s  th e  p r o p a g a t io n  o f  a n e r v e  im p u ls e  w h ich  
g i v e s  r i s e  t o  a n e g a t i v e  s p ik e  l o c a l l y  and s p r e a d s  th e  im p u ls e  w a v e  
i n  b o t h  d i r e c t i o n s  a l o n g  th e  n e r v e .
T h e r e f o r e  t h e  p o t e n t i a l  can be r e c o r d e d  a t  a n y  p o in t  a l o n g  t h e  
m o to r  and s e n s o r y  p a th w a y ,  from th e  n e r v e  i t s e l f ,  from th e  m u sc le  f i b r e ,  
f r o m  th e  s k i n  and f ro m  th e  c e r e b r a l  c o r t e x .
The c o n d u c t i o n  v e l o c i t y  r e p r e s e n t s  th e  d i s t a n c e  an im p u ls e  t r a v e l s  
a l o n g  a n e r v e  p e r  u n i t  o f  t im e .
The p r e s e n c e  o f  t h r e e  s p e c i f i c  n e r v e  f i b r e s  -  
th e  e f f e r e n t  n e r v e  f i b r e  
th e  s e n s o r y  a f f e r e n t  m usc le  f i b r e
th e  s k in  s e n s o r y  a f f e r e n t  n e r v e  f i b r e ,  a l l o w  the  t e s t i n g  o f s  
m o to r  n e r v e  c o n d u c t io n  
m o n o s y n a p t i c  r e f l e x  
s e n s o r y  n e r v e  c o n d u c t io n .
M otor  n e r v e  c o n d u c t i o n  v e l o c i t y  o f  a n e r v e  c o u l d  be o b t a in e d  by  
s t i m u l a t i n g  t h e  n e r v e  a t  the  two p o i n t s ,  th e  p r o x i m a l  and th e  d i s t a l  
p a r t  o f  t h e  n e r v e  and m easu r in g  th e  d i s t a n c e  b e t w e e n  th e s e  two p o i n t s .  
T h e  t im e  t a k e n  by  th e  im p u ls e  t r a v e l l i n g  b e tw e en  th e s e  two p o i n t s  i s  th e
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d i f f e r e n c e  b e tw een  th e  two t im es *  The f o rm u la  f o r  d e t e r m in in g  
c o n d u c t i o n  v e l o c i t y  i n  m e te rs  p er  s econd  i s :  th e  d i s t a n c e  i n  mm. 
d i v i d e d  by th e  t im e  i n  m i l l i s e c o n d s  -  in  o t h e r  w o rd s ,  a f t e r  s t i m u l a t i o n  
a t  tw o  p o in t s  two a c t i o n  p o t e n t i a l s  . ire  o b t a in e d ;  i n  each  c a s e  th e  
a r t i f a c t  o f  th e  s t im u lu s  and th e  t a k e - o f f  o f  th e  a c t i o n  p o t e n t i a l  i s  
c a l l e d  th e  l a t e n c y  t i m e  o r  c o n d u c t io n  t im e .
By s u b t r a c t i n g  t h e  t i m e  o f  t h e  d i s t a n t  s t i m u l u s  f r o m  t h a t  o f  t h e  
p r o x i m a l  s t i m u l u s  wo o b t a i n  t h e  t i m e  r e q u i r e d  f o r  t h e  n e r v e  i m p u l s e  t o  
t r a v e l  t h e  s e g m e n t  o f  t h e  n e r v e  b e t w e e n  t h e  tw o  p o i n t s  o f  s t i m u l a t i o n .  
T h e  l e n g t h  o f  t h o s e  s e g m e n t s  ( d i s t a n c e )  d i v i d e d  b y  t h e  d i f f e r e n c e s  i n  
l a t e n c i e s  ( t i m e )  g i v e s  t h e  v e l o c i t y  a c c o r d i n g  t o  f o r m u l a :
V e l o c i t y  = Di s t a n c e  
Tima
a f t e r  am orto  and basroujian (1 9 7 2 ).
The normal motor c o n d u c t io n  v e l o c i t y  o f  th e  p e r i p h e r a l  n e r v e s  
v a r i e s  in  normal a d u l t  i n d i v i d u a l s .  f r o m  th e  T a b le  7 (p a g e  143 ) we can  
s e e  t h a t  f o r  t h e  m ed ian  n e r ve  th e  m otor  c o n d u c t io n  v e l o c i t y  c o u ld  be 
r a n g e d  47-70  m / s ec . ,  f o r  u ln a r  n e r v e  47-66  m / s e c . , f o r  r a d i a l  n e r v e  
4 5 -8 2  pi/ s o c . ,  and f o r  p e r o n e a l  ( l a t e r a l  p o p l i t e a l )  n e r v e  4 5-56  m /sec.
The normal motor c o n d u c t i o n  v e l o c i t y  v a r i e s  w i t h  the  t e m p e r a tu re  
o f  t h e  s k in  and w i th  t h e  ago  o f  th e  s u b j e c t .
The i n f l u e n c e  o f  t e m p e r a tu r e  on n e r v e  c o n d u c t io n  has been  s t u d i e d  
by  i l e n r ik s e n  ( 19 5 6 ) who found t h a t  th e  mean v a r i a t i o n  in  c o n d u c t io n  
v e l o c i t y  r e c o r d e d  in  human u ln a r  n e r v e s  may r e a c h  a v a l u e  o f  2 .4  m /sec .  
p e r  d e g r e e  ( c e n t i g r a d e )  change in  t e m p e r a tu r e .  T h i s  means t h a t  d u r in g  
a c l i n i c a l  s ta n d a rd  e x a m in a t i o n  an e r r o r  o f  up t o  6 m/sec . may o c c u r  i f  
c a r e  i s  no t  ta k e n  to  warm up th e  l im b  t e s t e d ,  b e tw een  3 2 -3 3 «5  C.
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1 j
Nerves tested
1 !
!
, Median
J 1
U lnar R a d ia l I Peroneal i1
Source Mean | Range SO ' SE Mean Range ! SO ; SE Mean Range SU SE 1 Mean Range SD ¡SE
Johnson-1 9 6 0 53.0 j 6 . 1 rI 55.1 ‘ 6.4 i 5 0 .0 7.2 i
Uenriksen-1 9 5 6 5 8 .5 53-64.3 59.1 49-65 1 i 5 1 . 5 45-56
Th- iins-196ü i 6 0 .4 47-73 5-4 j
1 51.0 3.3
Vo.iilescu-1 9 6 8 5 6 .8 4 9 -6 9 2 .8 57.3 49-66 2.9Ì •
S!v.il)ert-1967 *i I ! Í 78.1 6.0 1.0
üassîl-1 9 6 4 I i 72.0 6.0 1.4
Nor is-1953 55-6¡J 2.0 1
j Lawrence-1961 59.0 I 0.6 62.4 0.7 ! 47.1 0.5
Xrojaborg-1 9 6 4 ! 5 6 .0 1 0.9 5 6.O 0.9 49.6 0.9
Tro.jaborg-1 9 6 9 j! . 7 0 .0 1.4 i 1
lío voi— 1966 64.3 ! 5 9 -7 0 6O.O 5 6 -6 2 j1 i
TitoMas-1 9 5 9 57.2 0.9 ; 5 6 .2 0.7 : 4 9 .7 1.3
1 lid sani-1955 j- 5 4 .0 4 6 -6 3 ' j
Ili 1 '• iat-196û 5'*. 5 46-65 5 . 3
!
r o l  -> .-1965 li 55.7 0 .8 i I
Ski. j l»mn-196l 5 6 .4 j1.1
j
. Mayor-1963 !59.3 0.7 58.9 0.4 1 4 9 .5 1.0
1 B ov 0 — 1 9 6 5 57.2 1 1.5 58.2 1.8 5 3 .0 1.9
, J f ; V  m -1 9 6 6 56.4 0.6 59.7 0 .6 5 8 .4 4 5 -8 2 6 . 7 4 7 .3
:
40-57 4.3 0.5
Katto-i960 6 6 .7 0 .9
j
Toi'S-I967 58.7 0.6 55.9 0.7 48.2 1.2
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The i n f l u e n c e  o f  a g e  on c o n d u c t io n  v e l o c i t y  in  n e r v e s  h as  been  
s t u d i e d  by  few  a u th o rs .
Thomas and L am ber t  (1  OGii) showed t h a t  c o n d u c t i o n  v e l o c i t y  was 
s l o w e r  i n  e l d e r l y  s u b j e c t s  and i n  c h i l d r e n  up t o  f i v e  y e a r s  o f  a g o .
S e p p a la in e n  e t  a l  (1 97 5 )  r e p o r t e d  t h a t  most motor c o n d u c t i o n  
v e l o c i t i e s  s low  down b y  about 1 m/sec. f o r  e v e r y  t e n  y e a r s  o f  a g e  be tw een  
20 and 6o  y e a r s .
N o r r i s  e t  a l  ( 1 9 5 3 )  who s t u d i e d  age  c h a n ges  in  th e  maximum 
c o n d u c t io n  v e l o c i t y  o f  m o to r  f i b r e s  o f  human u ln a r  n e r v e  fou n d  th a t  
c o n d u c t i o n  v e l o c i t y  d e c r e a s e s  w i t h  i n c r e a s i n g  age  in  a l l  s egm en ts  o f  
n e r v e  ( l ’ «C0.001 b e tw e en  same ag e  g r o u p ) .
T h i s  r e d u c t i o n  c a n n o t  be a t t r i b u t e d  to  n e r v e  f i b r e  d e g e n e r a t i o n  
o r  t o  t e m p e ra tu re  d i f f e r e n c e s  i n  th e  arm b u t  may r e s u l t  f rom  v a s c u l a r  
ch an ges  i n  t h e  n e r v e  t r u n k  ¿ind a l t e r a t i o n s  i n  t h e  n e r v e  m e ta b o l i s m  
a s s o c i a t e d  w i th  membrane p e r m e a b i l i t y .
Wagman and L e s s e  (1 9 5 2 )  r e p o r t e d  on r e l a t i o n s h i p  b e tw een  m oto r  
n e r v e  c o n d u c t io n  v e l o c i t y  o f  u ln a r  n e r v e  and th e  age  o f  a p e r s o n  
and found th a t  o v e r  Co y e a r s  o f  a g e  th e  c o n d u c t i o n  v e l o c i t y  wus 
red u ced  by  ubout lU?i.
10 . 9 . 2 . liguipmon t
The b a s i c  s t a n d a rd  o f  equ ipm ent f o r  r e c o r d i n g  th e  n e r v e  c o n d u c t io n  
v e l o c i t y  c o n s i s t s  o f  s t i m u l a t i n g  and r e c o r d i n g  a p p a ra tu s  and s t i m u l a t i n g  
and r e c o r d i n g  e l e c t r o d e s .
The ap p a ra tu s  u s e d  in  tho p r e s e n t  w ork  was a I ' iede loc  M S 7 tw o -  
chan ne l  l i l e c t r o m y o g ra p h  wnich i s  a p o r t a b l e  u n i t  used  f o r  a w id e  ra n g e  
o f  e l e c t r o p h y s i o l o g i c a l  measurements  ( F i g u r e  25 )  (P a g e  1 1 1 ) .  The 
p o r t a b l e ,  dual ch a n n e l  e le c t ru in yo g ru p h  t y p e  M57 em ploys  p l u g - i n  m odu les .
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The u n i t  i n c o r p o r a t e s  a f i a t  f a c e d  CUT w h ich  p r o v i d e s  a l a r g o ,  b r i g h t  
d u a l  t r a c e  d i s p l a y  on a lOcir  x 8cm. s c r e e n ,  an i n t e r n a l  g r a t i c u l e  
s i m p l i f i e s  measurement f r e e  o f  p a r a l l a x  e r r o r s .  C o m p re h e n s iv e  sweep 
v e l o c i t y  c o n t r o l s  e n a b l e  t im e b a s e  v e l o c i t y  t o  be  a d j u s t e d  o v e r  th e  r a n g e  
0 .5  t o  500ms./cm. and t im e  c a l i b r a t i o n  s i g n a l s  r r e  p r o v i d e d  t o  
c h e c k  t h e  a c c u ra c y  o f  c a l i b r a t i o n .  A c o n s t a n t  v o l t a g e  n e r v e  s t i m u l a t o r  
w i t h  a  d i r e c t  r e a d i n g  c o n d u c t i o n  t im e  i n d i c a t o r  e n a b l e s  r e s p o n s e  t im es  
t o  b e  m easured  o v e r  th e  r a n g e  0 - 100rn3 .
A b u i l t - i n  l o u d s p e a k e r  may b e  s w i t c h e d  to  e i t h e r  i n p u t  c h a n n e l ,  
p e r m i t t i n g  a u d io  m o n i t o r in g  o f  t h e  suljr»ct s i g n a l .  A f i b r e - o p t i c  
R e c o r d e r  t y p e  F l iR -7  was i n t e r f a c e d  d i r e c t l y  w i t h  th e  US 7 and p r o v id e d  
r e c o r d s  o f  th e  d i s p l a y e d  t r a c e s  on d i r e c t  p r i n t  p a p e r .  I n t e r c o n n e c t i o n s  
b e t w e e n  th e  two u n i t s  w e r  * n  vds v i a  m u l t i —c o r e  c a b l e ;  v i e w i n g  on t h e  3-S7 
d i s p l a y  i s  u n in p a i r e d  ( F i g u r e  26 )  ( P a g e  1 1 1 ) .
D i s p l a y  a r e a  l O x b c i n .
T i in eb ase  -  f r e e  ru n n in g  o r  t r i g g e r e d  by s t i m u l a t o r
Sw eep  v e l o c i t y  s w i t c h e d  lms/cm.
S t im u lu s  f r e q u e n c y  l / s e c .
S t im u lu s  d u r a t i o n  O . lm s .
S t im u lu s  a m p l i t u d e  v o l t s .
U u tp u t  impedances  21X3.
The e l e c t r o d e s
T h e  s t i m u l a t i n g  e l e c t r o d e s  a r e  the  b u t t o n  e l e c t r o d e s ,  s i l v e r  d i s c s  
o f  o n e  cm. d i a m e t e r  a d a p te d  t o  a p l a s t i c  p l a t e  o f  d im e n s io n s  G . 5/'*cm. 
( F i g u r e  28 )  ( P a g e  1 1 2 ) .  The p l a s t i c  p l a t e  a l l o w s  f o r  f r e e  and q u i c k  
r e a l l o c a t i o n  o f  e l e c t r o d e s  to w a rd s  th e  p o i n t  o f  th e  maximum s t i m u l a t i o n .
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The r e c o r d in g }  e l e c t r o d e s  a r e  o f  c l i p  s p r i n g  t y p e ,  th e y  p i c k  up th e  
e l e c t r i c a l  p o t e n t i a l  and r e l a y s  i t  t o  t h e  a m p l i f i e r  f o r  m a g n i f i c a t i o n  
( F i g u r e  2 7 )  (P a g e  1 1 2 ) .  The p u ls e  i s  o f  G . lm .s e c .  d u r a t i o n  and o f  
1GO-150 v o l t s  u s u a l ,  g o in g  up to  3^0-^100 v o l t s .  The s k in  t e m p e ra tu re  
was m easured  w i t h  a L i g h t  L a b o ra t o r y  t h e r m i s t o r  th e rm om ete r  ( F i g u r e  
26 )  ( P a g e  1 1 1 ) .
1 0 . 9 . 3 .  P r o c e d u r e
The u ln a r  n e r v e  conduct i o n
The s u b j e c t  i 3 l y i n g  on a couch ,  w i t h  the  e lb o w  and w r i s t  f u l l y  
e x t e n d e d  and th e  s h o u ld e r  p la c e d  in  t e n  d e g r e e s  o f  a b d u c t io n .
The e l e c t r o d e s  used f o r  s t im u la t in g  t h e  u ln a r  n e r v e  a r e  p la c e d  d i r e c t l y  
o v e r  th e  n e r v e  a t  th e  w r i s t  as the n e r v e  passe s  from  i t s *  c o u r s e  a l o n g  
th e  m e d ia l  v o l a r  a s p e c t  o f  fo rea rm  t o  t h e  hamate b on e .
The r e c o r d i n g  e l e c t r o d e s  p i c k  up t h e  synchronous  e l e c t r i c a l  a c t i v i t y  
i n  th e  a b d u c to r  p o l l i c i s  b r e v i s  m usc le  f o l l o w i n g  u ln a r  n e r v e  s t i m u l a t i o n .  
The m o to r  p o i n t  o f  t h i s  muscle  i s  o f t e n  ap p a ren t  as  a s l i g h t  d e p r e s s i o n  
j u s t  d i s t a l  t o  th e  m id -p a r t  o f  th e  t h e n a r  em inence .  The i n d i f f e r e n t  
e l e c t r o d e  i s  p la c e d  a t  th e  base  o f  t h e  thumb. A l a r g e  p l a t e  e l e c t r o d e ,  
c o a t e d  w i t h  e l e c t r o d e  j e l l y  i s  taped  t o  th e  s k in  o f  th e  h yp o th en a r  
em ien ce  and c o n n e c t s  th e  s u b j e c t  to  t h e  ground and so  r e d u c in g  th e  f i f t y  
c y c l e s  i n t e r f e r e n c e .
s e c u r i n g  th e  thumb in  th e  p o s i t i o n  o f  th e  e x t e n s i o n  i s  n e c e s s a r y  
t o  r e d u c e  any v o lu n t a r y  movement a r t e f a c t s  t o  a minimum, i . e .  th e  
e x p e r im e n t e r  h e ld  th e  s u b j e c t ' s  thumb i n  such a p o s i t i o n  w h i l s t  making 
th e  r e c o r d i n g .
P age  1 V?
A g r a d u a l l y  i n c r e a s i n g  a m p l i tu d e  o f  th e  s t im u lu s  was a p p l i e d  u n t i l  
th e  sup ram ax im a l  s t i m u l a t i o n  o f  th e  u ln a r  n e r v e  was a t t a i n e d .  T h is  was 
s e e n  on the  o s c i  1 l o s c o p e  .as t h e  p o in t  when no f u r t h e r  i n c r e a s e  in  th e  
e l e c t r o m y o g r a p h y  a c t i o n  p o t e n t i a l  o c c u r s .  A perm anent r e c o r d  was then  
t a k e n .
A f t e r  t h a t  a second  p a i r  o f  s t i m u l a t i n g  e l e c t r o d e s  w e re  p la c e d  o v e r  
t h e  u l n a r  n e r v e  as  i t  p a s s e s  th rou gh  th e  u ln a r  g r o o v e  o f  t h e  humerus. 
The p r o c e d u r e  o f  s t i m u l a t i n g  was th e  same. F o r  th e  e l b o w - w r i s t  segment 
o f  t i l e  n e r v e  t h e  d i f f e r e n c e  i n  th e  l a t e n c i e s  o f  th e  r e s p o n s e  to  
s t i m u l a t i o n  i s  d i v i d e d  i n t o  t h e  d i s t a n c e  b e tw een  th e  two s i t u s  o f  th e  
s t i m u l a t i o n ,  p r o v i d i n g  th e  v e l o c i t y  in  m/suc.
X''i ; modi .el n ' r t f  conrinc r i on
The s t i m u l a t i o n  p o i n t s  a r e  a t  th e  w r i s t  and a t  th e  e lb o w .
The r e c o r d i n g  e l e c t r o d e s  a r e  p la c e d  o v e r  th e  opponens  p o l l i c i s  o r  th e  
a b d u c t o r  p o l l i c i s  b r e v i s  m u s c l e .  The p r o c e d u r e  i s  th e  same as  f o r  
t h e  u l n a r  n e r v e .
The  8 p a r a m e t e r s  r e s u l t e d  from  n e r v e  c o n d u c t i o n  v e l o c i t y  s tud y  wer 
1 , 2  Maximum m oto r  c o n d u c t i o n  v e l o c i t y  (m e t r o s / s e c o n d )  in  th e  
dom inan t  arm f o r  u ln a r  n e r v e  and m ed ian  n e r v e  
3 T h e  a m p l i t u d e  o f  th e  m u s c le  a c t i o n  p o t e n t i a l  (rav) f o l l o w i n g  
s t i m u l a t i o n  a t  th e  e l b o w  in  dom inant arm f o r  u ln a r  n e r v e  and 
m edian  n e r v e
5 ,6  T h e  a m p l i t u d e  o f  th e  m u s c le  a c t i o n  p o t e n t i a l  (rnv) f o l l o w i n g  
s t i m u l a t i o n  a t  th e  w r i s t  i n  dom inant arm f o r  u ln a r  n e r v e  and 
m edian  n e r v e
7 , 8  The  p e r c e n t a g e  o f  a m p l i t u d e  o f  m u sc le  a c t i o n  p o t e n t i a l  e lbow /
w r i s t  (% )  i n  dom inant arm f o r  u ln a r  n e r v e  and median n e r v e .  The
p e r c e n t a g e  a m p l i t u d e  w a s  c a l c u l a t e d  f r o m  t l i i s  e q u a t i o n :  
a m p l i t u d e  o f
p r o x i m a l l y  p ro d u ced  m usc le  a c t i o n  p o t e n t i a l  (V )________________
a m p l i t u d e  o f  d i s t a l l y  p r o d u c e d  m u s c l e  a c t i o n  p o t e n t i a l  ( V ) xlOb= p e r c e n t a g e  
am p i i tu d e
lo.io nicciiKnieu. t e s t s
The measurement o f  b l o o d  l e a d ,  u r in a r y  le a d  and am ino  l e v u l i n i c  
a c i d  in  u r in e  w as  c a r r i e d  o u t  by th e  N a t i o n a l  O ccu j>a t ion a l  H yg ien e  
S e r v i c e  L a b o r a t o r i e s  -  M a n ch e s t e r .
The b lo o d  and u r in a r y  l e a d  were  measured by the  method o f  
I toschek  i l .  and S c h i t t k e  H .J .  11973) u s in g  s i n g l e  tube  d i t h i z o n e  
t e c h n i q u e .
The amino l e v u l i n i c  a c i d  in  u r in e  was measured by  th e  method o f  
D a v i s  J .¿ { .  and Andelman S. (19<>7) u s in g  th e  U a v is  I r i n a r y  ALA t e s t  
a s  s u p p l i e d  by D io-Had  L a b o r a t o r i e s .
11. LTS
11 .1  I n t r o d u c t i o n
'7ft ±116 th e  c h a p t e r  o f  met ' o d o l o g y  ( 1 0 . 2 )  the  number o f  th e  p o p u la t i o n  
t e s t e d  ano th e  d i s t r i b u t i o n  by  th e  d ep artm ents  f o r  th e  e xposed  p e o p l e  
was  shown in  T a b l e s  No. 4 and 5*
The  e x p o s e d  and c o n t r o l  g roups  were  matched w i t h i n  each f a c t o r y  
i n  te rm s  o f  s e x ,  r a c e ,  a g o ,  w e i g h t ,  h e i g h t ,  e d u c a t io n ,  g e o g ra p h ic  
l o c a t i o n  and l e n g t h  o f  employm ent f o r  th e  exposed  p e o p l e  and c o n t r o l s .
F o r  d i f f e r e n t  r e a s o n s  i . e .  h o l i d a y ,  s i c k  l e a v e ,  n i g h t  s h i f t ,  i t  was 
im p o s s i b l e  t o  c o l l e c t  a c o m p le t e  s e t  o f  d a ta  from some o f  the  s u b j e c t s ;
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t l i f t i r e i o r o ,  J t h e  a n a l y s i s  w a s  c o m p u t e d  o n  t h e  b a s i s  o f  a v a i l a b l e
d a t a  a n d  a  n o t a t i o n  h a v e  b e e n  made a s  t o  t h e  n u m b e r  o f  o b s e r v a t i o n s  
i n c l u d e d  i n  e a c h  a n a l y s i s .
T h e  i n f o r m a t i o n  c o l l e c t e d  f r o m  t h e  q u e s t i o n n a i r e  a n d  f r o m  t h e  
f o r m s  f i l l e d  f o r  e a c h  p s y c h o m o t o r  t e s t ,  t r e m o r  a n d  n e r v e  c o n d u c t i o n  
v e l o c i t y  w a s  t r a n s f e r r e d  t o  f i v e  p u n c h  c a r d s  f o r  e a c h  o f  t h e  s u b j e c t s  
t e s t e d ,  o n  a  c o d i n g  s c h e d u l e  w i t h  t h e  f o l l o w i n g  s e c t i o n s :
P o p u l a t i o n  p h y s i c a l  c h a r a c t e r i s t i c s  
U i o c h e m i s t r y  t e s t s  
P e r f o r m a n c e  t e s t s  
T r e m o r  t e s t
N e r v e  c o n d u c t i o n  v e l o c i t y .
The v a r i a b l e s  e n t e r e d  under  th e  uh ove  secti<-; i . j  (u 'e  l i s t e d  in  th e  a p p e n d ix  
N o .  1 .  O u t  o f  3 4 1  v a r i a b l e s  a  n u m b e r  o f  290  w e r e  s u m m a r i s e d .  I n  
a n a l y s i n g  t h e  r e s u l t s  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  i s  c l a i m e d  w h e n  t h e  
p r o b a b i l i t y  o f  t h e  r e s u l t s  o c c u r r i n g  b y  c h a n c e  i s  e q u a l  t o  o r  l e s s  t h a n  
0.03.
1 1 . 2  P o p u l a t i o n  p h y s i c - - 1 c h a r a c t e r i s t i c s
Xn t h i s  s e c t i o n  t h e  a g e ,  w e i g h t ,  h e i g h t  a n d  l e n g t h  o f  e x p o s u r e  f o r  
p e o p l e  e x p o s e d  t o  l e a d  a n d  l e n g t h  o f  e m p l o y m e n t  f o r  t h e  c o n t r o l s  w e r e  
a n a l y s e d }  ( f o r  c o n v e n i e n c e  t h e  n am e u s e d  w i l l  b e  l e n g t n  o f  e m p l o y m e n t  
f o r  b o t h  g r o u p s ) .
T h e  a g e  d i s t r i b u t i o n ,  m ea n  a g e ,  s t a n d a r d  d e v i a t i o n ,  l o w e s t  a n d  
h i g h e s t  v a l u e  f o r  a g e  a r e  s h o w n  i n  t h e  T a b l e  N o .  8 ( P a g e  1 5 0  ) a n d  1 °  
F i g u r e s  2 9 “ 3 4  ( P a g e  1 5 1 ~ 1 5 2 ) •
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TABLE 8 The mean, standard deviation, lowest and hi chest age
Age (years) ! f
1‘¿umber Mean Standard deviation Lowest
. . . . . . . .  i
Highest
Lxposed
factory I 67 39.8 9.1 23 60
Factory II 30 43.4 7.3 31 57
Factory I and 11 97 40.9 8.7 23 60
Controls 1
Factory I 79 3.3.8 9.3 -3 5»
Office Staff 49 38.2 9.7 23 57
Manual Workers . 30 39.7 £.8 24 58
Factory II 30 42.8 lu. 3 23 58
Factory I and II 1C9 39.9 9.8 23 58
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PERCENTAGE DISTRIBUTION OF LENGTH OF EMPLOYMENT
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T h e r e  i s  l i t t l e  d i f f e r e n c e  in  th e  a v e r a g e  a g e  b e tw e en  exp osed
*•,
w o r k e r s  and c o n t r o l s  o f  t h e  combined f a c t o r i e s  but n o t  s i g n i f i c a n t  f o r  
t h e  p r e s e n t  w o rk ;  i n  F a c t o r y  I  th e  w o rk e r s  ten ded  to  b e  s l i g h t l y  
y o u n g e r  th a n  t h o s e  i n  F a c t o r y  I I ,  p a r t i c u l a r l y  w i th  r e s p e c t  t o  th e  
o f f i c e  s t a f f  c o n t r o l s .
The  w e i g h t  mean, s ta n d a rd  d e v i a t i o n ,  l o w e s t  an.-l h i g h e s t  v a l u e  
a r e  shown i n  T a b l e  9 ( P a g e  1 5 5 ) -  The s m a l l  d i f f e r e n c e  b e tw een  e x p o s e d  
a n d  c o n t r o l s  o f  t h e  com bined  f a c t o r i e s  i s  o f  no s i g n i f i c a n c e  in  
r e g a r d  t o  t h e  p r e s e n t  w o rk .
The h e i g h t  mean, s t a n d a rd  d e v i a t i o n ,  l o w e s t  and h i g h e s t  v a l u e  a r e  
shown i n  T a b l e  h o .  1G (1’ a g e  15 6 ) T h e r e  i s  l i t t l e  d i f f e r e n c e  i n  a v e r a g e  
h e i g h t  b e tw e e n  t h e  e x p o s e d  w o rk e r s  and th e  c o n t r o l s  i n  th e  two f a c t o r i e s  
c o n s i d e r e d ;  th e  F a c t o r y  i  o f f i c e  s t a f f  c o n t r o l s  t e n d e d  t o  b e  s l i g h t l y  
t a l l e r  on th e  a v e r a g e  than  th e  o t h e r  g r o u p s .
The l e n g t h  o f  employm ent d i s t r i b u t i o n ,  mean, s ta n d i i rd  d e v i a t i o n ,  
l o w e s t  and h i g h e s t  number o f  y e a r s  a r e  shown in  th e  T a b l e  N r . 11 (P a g e  157) 
an d  i n  F i g u r e s  3 5 -4 0  ( P a g e s  152 and 1 5 3 ) -
The m a j o r i t y  o f  th e  p e o p l e  s t u d i e d  a r e  in c lu d e d  i n  th e  g rou p  o f  
em p loym en t  f rom  1 -15  y e a r s .  T h e re  i s  a s m a l l  d i f f e r e n c e  b e tw een  means o f  
e x p o s e d  and c o n t r o l s  f rom  F a c t o r y  I I ,  but  no t  s i g n i f i c a n t  f o r  the  p r e s e n t  
s t u d y .
1 1 . 3 .  C l i n i c a l  Symptoms
S e c t i o n  I I I —V 1 o f  t h e  q u e s t i o n n a i r e  (A p p en d ix  3 )  d e a l s  w i t h  
s u b j e c t i v e  symptoms o f  l e a d  e f f e c t .  I n  d e s i g n in g  th e  p r e s e n t
TAbLO 9 The mean, standard deviation, lowest and highest weight
Number Mean
Exposed
Factory I 6 4 7 6 .6
Factory 11 29 76.1
Factory I and XI 93 76.4
Controls
Factory I 73 74.6
Office Staff 45 74.9
Manual workers 28 74.3
‘actory 11 29 74.2
Factory I and II 102 74.5
Weight (kg.)
Standard deviation ! Lowest
Highest
9.5 50 95
1C.0 61 96
9.5 50 96
9.0 55 97
8.0 59 97
10.5 55-5 95
8.2 58 88
8.7 55 97
TA3LE 10 The mean, standard deviation, lowest nnd highest height
Number Mean
exposed
Factory I 64 173.5
Factory II 30 173.4
Factory I and 11 94 173.5
Controls
Factory I 77 175-0
Office Staff 47 176.0
Manual workers 30 173.4
Factory 11 30 172.7
F acto i'y  I  and 11 107 174.3
Height (cm)
Standard deviation Lowest Highest
6.5 l6l 190
6.3 163 185
6.4 lCl 190
6.8 158 188
6.4 16 1 187
7.2 158 188
7-6 152 195
7.0 152 195
I’
a
g
e
TA!)LS 11 The mean, standard deviation, lowest and highest length o f  employment
Exposed
!
!1
Number Mean
le ngth  o f  exposure 
Standard  d e v ia t io n Lowest H ighe st
F a c to ry  I 67 13.1 7 .4 OCs 32
F a c to ry  11
1
30 14.7 5.6 5 29
F a c to ry  I  and 11 
C o n t ro ls
97 13.6 6.9 2 32
F a c to ry  1 79 12.6 10 .G 1 41
O f f ic e  S t a f f 49 13.4 11.5 1 4 l
Manual w orkers 3o 11.3 7 .0 2 25
F a c to ry  11 30 11.4 7 .7 1 30
F a c to ry  I  and I I 109 12.3 9 .4 1 41
5q u e s t i o n n a i r e  I  f o l l o w e d  the  p a t t e r n  used  i n  a s i m i l a r  work (H e a t h e r ,
M i t r a n  and C r o c k f o r d ,  1976) and im p ro ve d  i t  f r o m m o d e ls  o f  q u e s t i o n n a i r e s  
u s e d  i n  e p i d e m i o l o g i c a l  s t u d i e s  i n  th e  TUC I n s t i t u t e  o f  O c c u p a t io n a l  
H e a l t h ,  London »  The symptoms o f  l e a d  p o i s o n i n g  a r e  . . p r o t e a n  ; i t  i s  
d i f f i c u l t  i n  c a s e s  o f  s u b c l i n i c a l  l e a d  p o i s o n i n g  t o  d e t e rm in e  wh ich  o f  
t h e  s u b j e c t i v e  symptoms, i f  any ,  b e l o n g  r e a l l y  t o  a  l e a d  e x p o su re  o r  t o  o t h e r  
c a u s e s  -  a g e ,  s t r e s s ,  p o l l u t i o n  e t c .
I  c o n s i d e r  t h a t  o n e ' s  e x p e r i e n c e  i n  c l i n i c a l  q u e s t i o n i n g  c o u ld  
c o n t r i b u t e  i n  a t t r i b u t i n g  the  symptoms t o  l e a d  e x p o s u re  than t o  o th e r  
c a u s e s •
I n  t h i s  s tu d y  o n ly  th e  symptoms wh ich  had no o t h e r  e x p l a n a t i o n  
f o r  a p a r t i c u l a r  s u b j e c t  (n o  o t h e r  known d i s e a s e )  had been  ta k e n  i n t o  
a c c o u n t .  The a t t e n t i o n  in  as i. i  ny  q u e s t i o n s  had b een  g i v e n  to  n e r vo u s  
s y s t e m  a s  r e l a t e d  d i r e c t l y  w i th  p r e s e n t  w o rk ,  hut t h e  d i s t u r b a n c e s  from 
o t h e r  o r g a n s  w e re  q u e s t io n e d  t o o ,  a c c o r d in g  t o  th e  s u b j e c t i v e  symptoms 
m e n t io n e d  i n  th e  l i t e r a t u r e  on l e a d  p o i s o n in g  ( s e c t i o n  9 . 2 . 3 . 3 . 2 ) .
I t  must be  m en t ion ed  th a t  an o b j e c t i v e l y  c l i n i c a l  e x a m in a t i o n  o f  th e  
s u b j e c t s  was n o t  p r a c t i c a l l y  p o s s i b l e  a t  t h e  t im e  o f  th e  t e s t i n g ,  so  
g e n e r a l  i n f o r m a t i o n  .bout th e  h e a l t h  o f  t h e  s u b j e c t  was o b t a in e d  by 
q u e s t i o n i n g  him ab ou t  th e  s u b j e c t i v e  symptoms. I f  some unusual 
s u b j e c t i v e  symptoms r e l a t e d  to  l e a d  p o i s o n in g  w e r «  r e p o r t e d ,  t h e  m e d ic a l  
r e c o r d s  sh ou ld  have  been c o n s u l t e d  t o  r e l a t e  them w i t l i  th e  s u b j e c t ' s  
o b j e c t i v e  e x a m in a t io n  which i s  c a r r i e d  o u t  by  the f a c t o r y  d o c t o r  as  a 
r o u t i n e .  The q u e s t i o n s  on s u b j e c t i v e  symptoms w ore  i n t e r p r e t e d  by 
t h e  a u t h o r  o n l y  q u a l i t a t i v e l y  and n o t  q u a n t i t a t i v e l y !  no s t a t i s t i c a l  
a n a l y s i s  was c o n s id e r e d  n e c e s s a r y .
■fable No. 12 (1 'age  l 6 o )  shows the  c l i n i c a l  f i n d i n g s  i n  b o th  
f a c t o r i e s .  I t  a p p ea rs  t h a t  e x p o se d  s u b j e c t s  from  F a c t o r y  I  a r e  more 
i r r i t a b l e ,  more n e r v y ,  q u a r r e l  more a t  w ork  o r  a t  home, th an  exp o sed  
s u b j e c t s  f rom  F a c t o r y  11; th e  same s i t u a t i o n  i s  in  th e  c o n t r o l s  g ro u p  
w h ich  l e a d s  to  th e  q u e s t i o n  i f  th e s e  symptoms c ou ld  be a t t r i b u t e d  
t o  l e a d  o r  t o  worlf  e n v i r o n m e n ta l  f a c t o r s  -  n o i s e ,  d u s t ,  t e m p e r a tu r e  e t c .
F a c t o r y  1 e x p o se d  s u b j e c t s  s u f f e r  m ore  from  in so m n ia  th an  the 
e x p o se d  o f  F a c t o r y  I I  and tho same s i t u a t i o n  i s  r e g a r d i n g  v e r t i g o ;
16 .5% -19 .9%  o f  th e  s u b j e c t s ,  r e s p e c t i v e l y  in  F a c t o r y  I  and I I  s u f f e r  
f rom  h e a d a c h e , w h ich  i s  f r e q u e n t  d u r in g  t h e  week and l e s s  a t  th e  
w eeken d ;  th e  s i t u a t i o n  b e in g  s i m i l a r l y  i n  c o n t r o l s ,  a g a i n  th e  q u e s t i o n  
o f  a t t r i b u t i n g  i t  t o  l e a d  e x p o s u re  o r  t o  e n v i r o n m e n ta l  f a c t o r s  a r i s e s .
A g rou p  o f  symptoms which p r e s e n t  :.ac!i much i n t e r e s t  f o r  the  
p r e s e n t  s tu d y  i . e .  numbness i n  arms and l e g s ,  d i f f i c u l t i e s  in  ru n n in g ,  
w a l k i n g ,  g r a s p in g  o b j e c t s ,  c ramps in  l e g s  in  th e  day o r  n i g h t ,  b e in g  
a s u b j e c t i v e  e x p r e s s i o n  o f  an i n c i p i e n t  p e r i p h e r a l  n e u ro p a th y  have 
been  i n v e s t i g a t e d .  In  F a c t o r y  I  exposed  23.3% s u f f e r  f r o m  numbness in  
arms and l e g s  and i n  F a c t o r y  I I ,  2 6 .G%; 22.4% exposed  f ro m  F a c t o r y  I
s u f f e r  f rom  d i f f i c u l t i e s  i n  r u n n in g ,  w a lk in g ,  g r a s p in g  and l i f t i n g  
o b j e c t s  a g a i n s t  3.3% in  F a c t o r y  I I ;  13.3% exposed  i n  F a c t o r y  I I  c o m p la in  
o f  c o l d n e s s  i n  th e  hands a g a i n s t  o n l y  4 .5%  exposed  i n  F a c t o r y  I ;  22.5'% 
e x p o se d  in  F a c t o r y  1 s u f f e r  f rom  cramps i n  th e  l e g s  and 26.6%  in  F a c t o r y  I I  
a g a i n s t  19% c o n t r o l s  in  F a c t o r y  1 and 16.6% in  F a c t o r y  I I .
The  symptoms o f  e y e s - b l u r r e d  v i s i o n ,  s t r a b is m  o r  m yop ia  c o u ld  be 
a t t r i b u t e d  more t o  ago  than t o  l e a d  e x p o s u r e .
Hage l 60
Ta BLE 12 S u b j e c t i v e  c l i n i c a l  symptoms fo u n d  in  e xp o se d  
atui c o n t r o l  s u b j e c t s
Symptoms
f Exposed
1
j C o n t r o l s
j F a c t o r y  I  
N o ,  »6
! F a c t o r y  I I  F a c t o r y  1 
i No. %  N o »  %
Kac
No .
Change  i n 1
tem p er  -m ore
i r r i t a b l e  ft
n e r v y 14 2 0 .9 2 6 .6  i o 12 .7 2
O u a r r e l  more !
1 a t  work i i 1 6 . 4 i 3 .5  ! 6 7 .6 2
a t  home| ! 12 1 8 .0 il l ü 12 .7
S l e e p i II
d i f f i c u l t y  - *i
t im e  t o  g e t  t o 1
s l e e p (m e a n ) ! 11 i i 11 i i
In s om n ia i 1 « 1 4 .9 2 6 .6  3 3 .8 1J
| Hours  o f i
s l o e p (m e a n ) 6 7 7 7
I Headache l
n o r n in g 1 1 .5 i 1 .3
end o f  day 4 6 .0 il 3 3 .8 1
d u r in g  week  5 7 -5 5 l 6 . 6  l 1 .3 1
’. »eekends 1 1 1 .5 1 3 .3  1 1 .3 1
D u l l i 6 9 .0 4 13 .3  I, 3 3 .3 1
T h ro b b in g
■ j 5
7 -5 2 6 .6  3 3 .8 2
V e r t i g o
a t  work ;1G 14.9 3 10 .0  5 6 .3
o u t s i d e
work 1 1 .5 !■ 5 6*3
a l l  t im e 1 2 > . o
l 1 .3
Numbness in f
arms and i !
‘ l e g s
c o n s t a n t i  9 13-4 1 1 .3
o c c a s i o n - »
a l l y i o 11 .9 8 2 6 .6  5 6 .3
6.6
6.6
6.6
CT
» V
I 
VI
 V
I 
VI
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l Exposed Con t r o l s
' F a c t o r y  1 ! F a c t o r y  I I F a c t ò iy  I  | F a c t o r y  I I
, No» /0 1 No. No . No »  %
D i f f i c u l t i e s  i n
i
ru n n in g 5 7 »5 1 3 .3 4 5 .1
w a l k i n g  
g r a s p i n g  &
3 *.5 3 3 .8
l i f t i n g 7 10 .4 7 8 .9
C o ld n e s s  in
h an d s 3 4 .5 4 13.3 3 3 .8
Crinps in  l e g s
day  -  c o n s t a n t
-  o c c a s i o n a '  l y 4 6 .0 2 6 .6 5 6 .3
n i g h t  - c o n s t a n t 1 1 .5
- o c c a s i o n a l l y io 15 .0 6 20 . u io 12.7 5 1 6 .6
L o s s  o f  w e i g h t l 1 .5 1 3 .3 l 1 .3 1 1 .3
D ia r r h o e a 4 6 .0 3 3 .8
C o n s t i p a t i o n 1 1 .5
N ausea 2 3 .0
Abdomin.al p a in 5 7 .5
U l u r r e d  v i s i o n io 15.0 1 3 .3 3 3 .8
Any s i g h t  
d e f e c t 7 10 .4 1 3 .3 3
oC
NOTE» I n  th e  p r e s e n t  and f o l lo w in g  t a b l e s t b la n k  s p a c e s  mean z e r o
I
j
Expot ed C o n t r o l s
F a c t o r y  1 ; 
N o .  ;o 1
F a c t o r y  I I  
No*
Fnctô iy  1
No. ?£
! F a c t o r y  I I  
No .  5»
' ... . . - - . j
D i f f i c u l t i e s  i n  
ru n n in g  
w a lk in g  
g r a s p i n g  & 
l i f t i n g
i
5
3
7
7 .5
4 .5
10 .4
i 3 .3
•
4
3
7
5 .1
3 .8
8 .9
i »
'
C o ld n e s s  i n  
hands 3 4 .5 4 13*3 3 3 .8
Crinps in  l e g s  
d ay  -  c o n s t a n t
-  o c c a s i o n a l l y 4 6 .0 2 6 . G 5 6 .3
n i g h t  - c o n s t a n t 1 1.5
- o c c a s i o n a l l y l o 1 5 .0 6 20 .  u 10 1 2 .7 5 1 6 .6
D o ss  o f  w e i g h t l 1 .5 1 3 .3 1 1 .3 1 1 .3
D i a r r h o e a 4 6 .0 3 3 .8
C o n s t i p a t i o n 1 1 .5
Nausea 2 3 .0
Abdom ina l  p a in 5 7-5
U lu r r e d  v i s i o n l o 15.0 1 3 *3 3 3 .8
Any s i g h t  
d e f e c t 7 l o . 4 1 3 .3 3 3 .8
NOTE: I n  th e  p r e s e n t  and f o l lo w i n g  t a b l e s ,  b la n k  s p a c e s  m ean z e r o
r e s u l t s «
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1 1 .4  Smoking H a b i t s
The  smoking h a b i t s  r e . a i l t s  a r e  g i v e n  in  T a b l e  13 (P a g e  1 6 2 ) .  
F a c t o r y  I  e xp osed  p e o p l e  seem to  be  h e a v i e r  smokers than th a t  o f  
F a c t o r y  11; 77.1°i> o f  t h e  exposed  i n  F a c t o r y  I  a r e  smokers  a g a in s t  
36 . 6' i  i n  F a c t o r y  I I ;  f r o m  th e s e  10.4';» a r e  smokers  Grade  1 in  F a c t o r y  1 
a g a i n s t  43*3%  i n  F a c t o r y  I I ;  5^*7/» a r e  sm okers  g ra d e  I  and I I  o f  
t h e  e x p o se d  F a c t o r y  I  and  o n ly  13-3% o f  F a c t o r y  I I .  The c o n t r o l s  
d o e s  n o t  p r e s e n t  much d i f f e r e n c e  a s  the  t o t a l  number o f  smokers in  
i n  b o th  f a c t o r i e s ,  b u t  th e  smokers in  F a c t o r y  1 seem t o  be h e a v i e r  
sm okers  than i n  F a c t o r y  I I .
I l e p o r t e d  t o  th e  w h o l e  group  o f  exp osed  and c o n t r o l s ,  a l a r g e  
number o f  p e o p l e  had g i v e n  up smoking in  c o n t r o l s  36.^7» than in  
th e  e xp o se d  3l7i.
11 .5  D r in k in g  H a b i t s
Ttie d r in k in g  h a b i t «  r e s u l t s  a r e  g i v e n  in  T a b le  No. 14 (P a g e  1 6 3 )•  
I n  t i i e  F a c t o r y  I  91.17» o f  th e  e xp o se d  a r e  d r i n k e r s  a g a i n s t  6 9 . 9% in  
F a c t o r y  I I .  U e g a rd in g  th e  g ra d e  o f  d r i n k i n g ,  o n l y  40% o f  the  t o t a l  
e x p o s e d  a r e  i n  G rade  1 i n  the F a c t o r y  I ,  47.o7t in  g ra d e  I I  and 37» 
i n  t h e  group  o f  m o d e ru te  s p i r i t  d r i n k e r s ;  in  F a c t o r y  I I  03.37» 
o f  tt ie  t o t a l  e xp osed  a r e  in  g ra d e  I  and 6.67» in  g ra d e  I I .
The  c o n t r o l s  f o l l o w  th e  same p a t t e r n  in  both  g ro u p s ;  94.97» o f  th e  
c o n t r o l s  a r e  i n  g ra d e  1 in  th e  F a c t o r y  1 ,  2 2 . 8> in  g r a d e  I I ,  l . j 7 »  i n  
g r a d e  I I I  and 5.17» a r e  m odera te  s p i r i t  d r i n k e r s ;  in  th e  F a c t o r y  I I  
50% o f  th e  t o t a l  c o n t r o l s  a r e  i n  g r a d e  I  and 16.6',» in  g ra d e  I I .
!
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TAULE 13 S i io i . in c )  habits i n  f>:;)osc<i and control subjects
!
Exposed Controls
Degree o f F ac to ry  I ! F a c to ry  II Factory 1 F ac to ry  I I
suoking No. % No. /ó No. % No. %
Grade I 1 !
1-14 cigare-, tes/
day up 3°z. 
tobacco/week 7 10.4 13 45.3 15 1 9 .O 12 40.0
!
J Grade II
i1
15-24 cigar- 
ettes/day up 
6ozs./tobaco
week
!
20 29.9 4 13.3 17 2 1 .5 5 1 6 .6
Grafie III 
over 25 cigar- :i
ettes/day over
6ozs/tobacco/
week 18 2 6 .8 9 11.4
TOTAL 77.1 5 6 .6 51.9 5 6 .6
Age-started j
mean 1 6 . 1 1 5 . 5 17.1 14.8
Gave up
smoking 10 14.9 5 1 6 . 1 16 20.3 5 1 6 . 1
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TAiiLb 14 Drinking habits  in exposod and control subjects
1
i
Exposed
Controls
e^gr.;e of Drinking 
Grade I
Factory
No.
I 1 Factory 
%  j No.!
. J
II
%
Factory 1 
No. %
factory
No.
11
«
1-14 pints beer/week 27 40.3 19 C-.3 52 6 5 .8 15 5 0 .0
Grade 11
1 5 -5 0 pints beer/week 32 4 7 .8 2 6.6 18 22.8 5 If».6
Grade III
over 50 pints boer/week 1 1.3
S p i r i t  drinkers 
1-3 whiskies/week 2 3 .0 4 5 . 1
TOTAL 91.1 69.9 94.9 6 6 , 6
Non-drinkers 6 8.9 9 3L.0 4 5.1 10 33.3
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1 1 .6  H io c h ' . ' i i i c a l  t e s t s
In  th e  c h a p t e r  1C) s e c t i o n  1 0 .10  th e  methods used  in  m easu r in g  
th e  b l o o d  l e a d  ( U L ) , u r i n a r y  l e a d  ( U L ) , and amirio—l e v u l i n i c  a c i d  in  
u r i n e  (ALA )  h a v e  been d e s c r i b e d .
The b lo o d  l e a d  mean, s ta n d a rd  d e v i a t i o n ,  l o w e s t  and h i g h e s t  
v a l u e s  u ro  shown i n  th e  T a b le  15 ( P a g e  l f>5) . T h e r e  i s  l i t t l e  
d i f f e r e n c e  i n  t h e  a v e r a g e  b lo o d  v a l u e  b e tw een  th e  exp o sed  g ro u p s .
The  c o n t r o l  g r o u p  f rom  th e  F a c t o r y  I I  bad an a v e r a g e  b l o o d  l e a d  
h i g h e r  than t h e  c o n t r o l s  o f  F a c t o r y  1 but s t i l l  w i t h i n  th e  normal 
r a n g e  a c c o r d in g  t o  th e  p r e s e n t  s t a n d a rd s  o f  m ic rogram s/ lO O m l. b l o o d .
T h i s  d i f f e r e n c e  c o u ld  be a t t r i b u t e d  t o  th e  f a c t  t h a t  the  c o n t r o l s  o f  
F a c t o r y  I I  come f rom  th e  m a in ten a n ce  departm ent  o n l y ,  and so c o u ld  have  
come i n t o  unknown c o n t a c t  w i t h  l e a d  f o r  a s h o r t  p e r i o d  o f  t im e  a t  
a b o u t  the t im e  o f  t e s t i n g ,  and t h e r e f o r e  t h e i r  l e a d  a b s o r p t i o n ,  e x p r e s s e d  
as  b l o o d  l e a d ,  i n c r e a s e d .  I t  must b e  m en t ion ed  th a t  the  s e l e c t i o n  o f  
t h i s  gron, as  c o n t r o l s  was done  on th e  b a s i s  o f  t h e i r  b l o o d  l e a d  t e s t  
t w e l v e  months p r i o r  t o  th e  p r e s e n t  s tud y  when t h e i r  mean b lo o d  l e a d  had 
been  '¿7 .1/m icrog ran is/ loO in l . w i t h  a s ta n d a rd  d e v i a t i o n  o f  3 .9  ( T a b l e  lC )  
( P a g e  1 6 6 ) .  The  e l e v a t i o n  in  b l o o d  l e a d s  o f  th e  c o n t r o l  g rou p  from  
F a c t o r y  I I  i s  m a in l y  due to  t h r e e  i n d i v i d u a l s ,  an o b s e r v a t i o n  which  
f i t s  th e  ab ove  e x p l a n a t i o n .
The u r i n a r y  l e a d  means, s t a n d a rd  d e v i a t i o n s ,  l o w e s t  and h i g h e s t  
v a l u e s  a r e  g i v e n  i n  the  t a b l e  No. 17 (P a g e  1 6 ? ) .  A d i f f e r e n c e  c o u ld  be 
s e e n  f o r  th e  F a c t o r y  I I  c o n t r o l s .  T h i s  c o u ld  be due t o  th e  same f a c t o r  
as f o r  the  a b o v e  b lo o d  l o a d .  I t  must be s t r e s s e d  t h a t  th e  p e o p l e  who show 
a b i g g e r  v a l u e  f o r  u r i n a r y  l e a d ,  do no t  show th e  same ten den cy  f o r  b l o o d
l e a d  o r  f o r  A1.A
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11 .G b i o c h e m i c a l  t e s t s
I n  th e  c h a p t e r  IO s e c t i o n  10*10 th e  methods used  i n  m easu r ing  
th e  b l o o d  l e a d  (HI*) , u r i n a r y  l e a d  (U L )  , and amino—l e v u l i n i c  a c i d  in  
u r i n e  ( Al*A) h ave  b een  d e a c r i h e d .
The  b lo o d  l e a d  mean, s t a n d a rd  d e v i a t i o n ,  l o w e s t  and h i g h e s t  
v a l u e s  a r e  shown i n  th e  T a b l e  15 (P a g e  1G3) . T h e re  i s  l i t t l e  
d i f f e r e n c e  i n  t h e  a v e r a g e  b l o o d  v a l u e  b etween  th e  e x p o s e d  g ro u p s .
The  c o n t r o l  g r o u p  f ro m  th e  F a c t o r y  I I  had an a v e r a g e  b l o o d  le a d  
h i g h e r  th an  th e  c o n t r o l s  o f  F a c t o r y  X but s t i l l  w i t h i n  t h e  normal 
r a n g e  a c c o r d i n g  t o  t h e  p r e s e n t  s t a n d a rd s  o f  'du-Ao m ic ro gm m s / lO O m l. b l o o d .  
T h i s  d i f f e r e n c e  c o u ld  be a t t r i b u t e d  t o  thu f a c t  t h a t  th e  c o n t r o l s  o f  
F a c t o r y  I I  come f rom  the  m a in ten a n c e  departm ent  o n l y ,  an il so  c o u ld  have  
come i n t o  unknown c o n t a c t  w i t h  l e a d  f o r  a s h o r t  p e r i o d  o f  t im e  a t  
a b o u t  t i ie  t im e  o f  t e s t i n g ,  and t h e r e f o r e  t h e i r  le a d  a b s o r p t i o n ,  e x p r e s s e d  
as  b l o o d  l e a d ,  i n c r e a s e d .  i t  must be  m entioned  th a t  th e  s e l e c t i o n  o f  
t h i s  g ron ,  as  c o n t r o l s  was d on e  on th e  b a s i s  o f  t h e i r  b l o o d  le a d  t e s t  
t w e l v e  months p r i o r  t o  th e  p r e s e n t  s tudy  when t h e i r  mean b lo o d  l e a d  had 
been  2 7 «  1/ tn ierogram s/ lOO in l. w i t h  a s ta n d a rd  d e v i a t i o n  o f  3 « 9  ( T a b l e  lG )  
( P a g e  1 6 6 ) .  The  e l e v a t i o n  i n  b l o o d  l e a d s  o f  th e  c o n t r o l  g rou p  from  
F a c t o r y  I I  i s  m a in l y  due t o  t h r e e  i n d i v i d u a l s ,  an o b s e r v a t i o n  wh ich  
f i t s  t h e  a b o ve  e x p l a n a t i o n .
The  u r i n a r y  l e a d  means, s t a n d a rd  d e v i a t i o n s ,  l o w e s t  and h i g h e s t  
v a l u e s  a r e  g i v e n  i n  t i l e  t a b l e  No .  17 (P a g e  1G7 ) .  A d i f f e r e n c e  c o u ld  he 
s e e n  f o r  t h e  F a c t o r y  I I  c o n t r o l s .  T h i s  c o u ld  be due t o  t h e  same f a c t o r  
as f o r  the  a b o ve  b l o o d  l e a d .  I t  must be s t r e s s e d  t h a t  t h e  p e o p l e  who show 
a b i g g e r  v a l u e  f o r  u r i n a r y  l e a d ,  do n o t  show th e  same t e n d e n c y  f o r  b l o o d
l e a d  o r  f o r  .\1*A
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TAOLü 15 The mean, standard deviation, lowest and highest bloo<i lend
1— ■— Lead (ug/lGOml)
I!
Number Kean Standard deviation Lowest Highest
------ --- - -  -  - ......
1
Exposed
Factory I 67 51 *9 11.2 22 79
Factory II 3b 5 0 .0 10.8 :>2 68
Factory I  and II 97 51.3 11.0 22 79
Controls
Factory I 78 2 6 .7 9.1 13 41
Office staff 48 25Ö 9.2 13 4l
Manual workers 30 28.8 8.6 16 43
Factory II 3b 3 1 . 5 8.4 18 A3
Factory I and II 108 29.3 10.7 13 43
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TAULti l6 Xh“ mean, standard deviation, lowest and highest 
blood lead values for Factory II controls over a period of 
12 months prior to th e  present study _ _ _ _ _
Subjects Number Mean Lowest Highest
Factory 11 controls 23 2 7 . 2 3.9 18 30
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TAULii 17 The mean, standard deviation, lowest and highest urinary lead
1
!
Number
Urinary
Kean
lead (micrograms/litre) 
standard deviation Lowest Highest
Exposed
Factory I 66 7U.1 35*8 6 209
Factory II 30 7 8. 4 50.5 18 193
Factory I and II 96 72.7 40.9 6 209
Controls
Factory I 77 25.1 21.3 3 76
office staff 47 27.5 2 5 .6 5 76
Manual workers 30 21.2 11.4 10 72
Factory 11 30 3 6 .2 13.2 11 83
Factory I and 11 10 7 30.5 24.4 5 83
Y
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T h e  a n i in o - X e v u l in i c  a c i d  in  u r in e  means« s t a n d a r d  d e v i a t i o n s ,  
l o w e s t  and h i g h e s t  v a l u e s  a r e  g i v e n  i n  T a b l e  18 ( P a g e  1 6 9 ) -  K o r  t h i s  
t e s t ,  c o n s i d e r e d  t o  b e  th e  m ost s e n s i t i v e  among th e  t h r o e  b i o c h e m ic a l  
t e s t s  p e r f o rm e d  f o r  t h i s  w o rk ,  no s i g n i f i c a n t  d i f f e r e n c e s  a p p e a r e d  
among t h e  means f o r  t h e  two f a c t o r i e s .
F o u r  w o r k e r s  o u t  o f  n inety -seven  e x p o s e d  t o  l e a d  in  F a c t o r y  1 
had a  b l o o d  l e a d  v a l u e  b e tw een  7U-79dg/lwt.m l . b l o o d .  T h e i r  u r i n a r y  
1 eai and am ino l e v u l i n i c  a c i d  i n  u r i n e  w e re  n o t  c o n c o r d a n t  w i t h  
b l o o d  l e a d  v a l u e s  b e i n g  under ^5,Jj / l i t r e  and 3 . *1 m.0 . / l i t r e  
r e s j j e c t i  v e l y  f o r  u r i n a r y  l e a d  and ALA.
11 .7  P e r f o r m a n c e  T e s t s
T h e  nans and number o f  p a ra m e t e r s  r e g i s t e r e d  f o r  each  o f  t h e  
p e r f o r m a n c e  t e s t s  had been  i n d i c a t e d  i n  th e  c h a p t e r s  o f  m e th o d o lo g y  
s e c t i o n s  t o  1 0 .7 .  Out o f  7<> v a r i a b l e s  a number o f  19 v a r i a b l e s
w ere  sum m arised  in  T a b l e  19 ( P a g e s  170 and 171) w h ere  t h e  r e s u l t s  as  
means and s ta n d a rd  d e v i a t i o n s  f o r  each  o f  p e r fo rm a n c e  t e s t  a r e  g i v e n  on 
th e  f o l l o w i n g  f i v e  g ro u p s  o f  s u b j e c t s :  F a c t o r y  1 — e x p o s e d ,  manual 
c o n t r o l s ,  o f f i c e  c o n t r o l s ,  F a c t o r y  I I  -  e x p o s e d  and c o n t r o l s .
F o u r  p e o p l e  in  t h e  F a c t o r y  X had t h e i r  b l o o d  l e a d  b e tw e en  7t-'-79 ug/ lCO m l. 
b l o o d .  A n a l y s i n g  th e  means and s ta n d a r d  d e v i a t i o n  f o r  e a ch  o f  p e r fo rm a n c e  
t e s t  i n  t h i s  g ro u p  o f  f o u r  s u b j e c t s ,  none  o f  t h e  v a l u e s  come d i f f e r e n t  
than  t h a t  o f  t h e  means and s ta n d a r d  d e v i a t i o n  o f  t h e  w h o le  g r o u p  o f  th e  
e x p o s e d  i n  F a c t o r y  1 .  The d i f f e r e n c e s  s e e n  in  T a b l e  19 ( P a g e s  17u and 171) 
b e tw e e n  g ro u p s  a r e  d i s c u s s e d  in  s e c t i o n  l l « 7 * 3 * t  when th e  r e s u l t s  on 
p e r f o r m a n c e  a r c  more r e l e v a n t ,  a f t e r  t h e  s t a t i s t i c a l  a n p l y s i s .
P
a
g
e
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TAdL-, li: The moan, standard deviation, lowest and highest nmino- 
1evulinic nci d in urine
ALA (niligrams/litra urine)
Number Mean
. ) 
standard deviation Lovest
1
Hi ghest
iixposed
Factory I 66 4.4 3.6 0.5 1 8 .5
Factory II 30 3.6 3.2 C.2 1 5 .5
Factory I and 11 96 4.1 3*5 0.2 1 8 .5
Controls
Factory I 77 2.6 1.6 0.2 8.4
Office staff 47 2.5 1 . 7 0.2 8.4
lianual vorkers 30 2.6 1.5 0.3 7 . 6
Factory II 30 2.8 1.7 C.2 7 . 4
Factory I and II 107 2.6 1.6 0.2 0 .4
TAULE 19 The means and standard  d e v ia t io n s  f o r  s i x  performance t e s t s  in  f iv e  
main groups o f  study
V a r ia b le F a c to ry  I 1: F a c to ry  I I
ii
I
Exposed
Manual
C o n t ro ls
O f f ic e
C o n t ro ls
1
Exposed C o n t ro ls
Mean SD Me. n SO Mean .SD Kean SD Mean SD
Adding t e s t  time (m in) 19.1 6 .2 19.6 6 .2 14.7 5 . 1 21.3 9.7 19.0 7 .3
e r ro r s  (n o .) 6 .6 5 .2 3.9 5 -3 4.4 3 . 2 6 . 0 5.7 7.6 VJ
I
T app ing double p la te s
60 "  -  la tc h e s  (n o .) 129.5 17 .0 134.6 13 .8 133.9 1 7 . 5 147.2 17.2 144.6 14.6
-  b r id g e  h i t s  (n o .) 9 .0 13.2 9 .4 11 .4 9.9 9 . 2 8 .8 9.4 9 .6 6 .9
X. I'ir.g s in g le  j)late
6 o '' -  tap s  (n o .) 343.5 41.5 345.3 34 .2 357.6 28.1 3 6 1 .4 4 o . l 370.2 42.4
G r ip  s t re n g th  (kg) 6 3 . 0 9.2 6 0 . I 9 .3 5 8 . I 9 . 0 6 1 . 3 1 0 . 5 6 5 . 2 9.6
Endurance (second s) 39.7 1 6 . 3 37.9 1 6 . 7 30.7 14.5 2 7 . 2 8.7 24.1 9 .0
O ne-ho le  te s t i
t o t a l  No. o f  p in s 2 9 0 . 1 37.7 239.7 41.1 294.1 3 6 . 2 ij 2 9 5 . 9 43.8 291.7 2 9 . 2
T o ta l time g ra sp  ( s e e s . ) 6 1 . 8 1 6 . 6 57 .9 13.4 6 0 . 7 22 .2 ;S 43.1
;i
1 6 . 9 3 6 . 2 1 6 . I
T o ta l  time p o s it io n in g  
( -econds) 92 .0 13.7 93 .6 13.1 ¿8 .6 10.5 9 4 .7 11.9 93.5 15.3
R e a c t io n  tim e arm 
(w. se c s ) 119.1 22 .5 1 3Co6 33.0 1 2 7 . 2 2 6 . 9 1 3 4 . 3 31.3 133.7 41.1
V i r i ab le factory I
r
i
Exposed
Manual
co n tro l s
Kean 3D Kean 3D
Maximum s lop« arm ( v o l t s ) 7.3 1.8 6 .8 1.8
Frequency arm (Hz) 3 .3 0 .8 3 .3 0 .. '
/ « a c t io n  time le g  (r.usecs) 148.6 30.9 I 5 C - 7 3 5 . 7
; *>.iinum s lop e le g  (V) 7 .5 1.9 7 .2 2 .0
Frequency le g (Hz) 3.4 0 .7 3 .3 0 .8
lie a c t io n  time v is u a l  (in .sees) 154.4 21 .0 14?«6 2 6 . 3
iiaximum s lo p e v is u a l  (V) 7 .2 1 .9 7.1 1.9
Fi-; quency v is u a l  (il») 3*3 0 .6 3-3 0 . 7
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Factory II
O ff ic e
C o n t ro ls Exposed
Mean SO Kean
6.7 1.6 7 .2
3 .4 c .6 3.6
149.4 34.3 159.3
7.1 1.4 7.4
3«4 0 .6 3.6
137.3 22 .0 147-9
7 .0 1.4 7.5
3.2 0 .6 3 *7
SD
C o n t ro ls
Kean so
2.3 7.4 2 .3
o .9 3*3 o .6
33.3 159.3 39 .4
2 .6 7 .4 2.1
0 .8 3.3 o .8
22 .9 149.1 22.2
cm 7.6 1.8
, r< Vf\J 3.4 0 .7
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A s s o c i a t i o n s  b e t w e e n  p « r f o r i a a n e f i  a n d  b i o c h e m i c a l  t e s t s
A s s o c i a t i o n s  w e r e  e x a m i n e d  t o  s e e  i f  m e a n i n g f u l ,  w i t h i n  e x p o s e d  
u n d  c o n t r o l  g r o u p s .
The a s s o c i a t i o n  o f  e a c h  o f  t h e  p e r f o r m a n c e  t e s t  w i t h  b l o o d  l e a d ,  
l e a d  i n  u r i n e  a n d  ar.ii n o - 1  e v u l  i n i  c  a c i d  i n  u r i n e  w a s  d e t e r m i n e d  b y  
c a l c u l a t i n g  t h e  c o r r e l a t i o n  c o e f f i c i e n t  f o r  e x p o s e d  w o r k e r s  i n  F a c t o r y  
X a n d  F a c t o r y  I I .
I n  T a b l e  20 ( P a n e  1 7 3 )  f o r  t h e  s a k e  o f  c l a r i t y  o n l y  c o r r e l a t i o n s
+
o f  -  ¿O  a nti  o v e r  a r e  s h o w n *
T h e  b l o o d  l e a d  i s  c o r r e l a t e d  s i g n i f i c a n t l y  a n d  i n  t h e  r i g h t  d i r e c t i o n  
( A p p e n d i x  N o .  2  f o r  t h e  e x p e c t e d  s i g n  o f  c o r r e l a t i o n s ) ,  w i t h  o n e - h o l e  
t e s t  t o t a l  p o s i t i o n  a t  0 . 0 1  l e v e l  i n  e x p o s e d  w o r k e r s  F a c t o r y  1 a n d  w i t h  
frequency log at O.OfJ I ■ l in exposed worker.; Factory II. The ot.ier 
c o r a l  a t  i o n s  t a b u l a t e d  a r e  i n  t h e  w r o n g  d i r e c t i o n s ,  o r  n o t  s i g n i f i c a n t  
f o r  t h e  g r o u p ' s  U e g r - e  o f  f r e e d o m .
T h e  u r i n a r y  l e a d  i s  c o r r e l a t e d  s i g n i f i c a n t l y  a n d  i n  t h e  r i g h t  
d i r  c t i o n  w i t h  r e a c t i o n  t i m e —m axim um s l o p -  l e g  a n d  maximum s l o p e  v i s u a l  a t  
0 . 0 5  l e v e l  a m .  w i t h  g r i p  s t r e n g t h  i n  a t  0 . 0 1  l e v e l  i n  e x p o s e d  F a c t o r y  I I .
Th e  a m i n o - l e v u l i n i c  a c i d  i n  u r i n e  i s  c o r r e l a t e d  s i g n i f i c a n t l y  a n d  i n  
r i g h t  d i r e c t i o n  w i t h  t a p p i n g  d o u b l e  p l a t e s  6 o "  s e c .  n u m b e r  o f  b r i d g e  h i t s  
a t  o . o l  l e v e l  i n  e x p o s e d  g r o u p  F a c t o r y  1 .
1 1 . 7 . 2 .  A s s o c i a t i o n s  b e t w e e n  p. r f r r n a n c e  t e s t s  a n d  p o p u l a t i o n  p h y s i c a l  
c h a r a c t e r i s t i c s
T h e  a s s o c i a t i o n  o f  e a c h  p e r f o r m a n c e  t e s t  w i t h  a g e ,  w e i g h t ,  h e i g h t  a n d  
l e n g t h  o f  e m p l o y m e n t  w a s  d e t e r m i n e d  b y  c a l c u l a t i n g  t h e  c o r r e l a t i o n
TABLiv 20 The product moment c o rr e la t io n  c o e f f ic ie n t s  between b iochem ical and 
performance te s t s  in  the tvo  exposed groups
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V a ri ab le
Adding t e s t :  time
N o .o f e r ro r s
Tapp ing double p la te s  6ü "
N o.o f la tc h e s  
No. o f  b r id g e  h i t s
la p p in g  s in g le  p la te  60 "  
;G ri, ' s t re n g th  
endurance
:
ICne -ho le  te s t  t o t a l  p in s  
to ta l g ra sp
31Cod lead
Fa c to ry  I F a c to ry  II
t o t a l  p o s it io n in g
.25»
*  «
• 35+
l;r in a r \  1 ead
F a c to ry  I F a c to ry  I I  
-• 59 *
- .2 2
■ Reaction time .arm 
•Maximum s lo p e  armi
Frequency arm 
R e ac t ion  time le g  
Maximum s lo p e  le g  
Frequency leg
R e ac t ion  time v is u a l
j
'Maximum s lp p e  v is u a l
!
¡Free lency v is u a l  
Leo'-nd
* s i g n i f i c a n t  a t  O.Up le v e l 
* *  s i g n i f i c a n t  a t  0 . 0 1  le v e l 
+ c o r re la te d  in  the r ig h t  expected d ir e c t io n
• 25
- .2 p
.28
-.21
• 37+
.26
- . 3 0 * *
.28
-.31
- .36 *
- . 5 1 * *
r.35+
• w(>
- . 3 5+
-.32
ALA in  u r in e
F a c to ry  I F a c to ry  II
-.33
**
. p2+ .26
• 31
Page 174
c o e f f i c i e n t  w i t h i n  t he f o u r  g roups:  F a c t o r y  I  ex po s e d  and c o n t r o l s  and 
F a c t o r y  I I  e x p o s e d  and c o n t r o l s .
I n  T a b l e  21 (p a g e s  175 and 176 ) f o r  t h e  sake  o f  c l a r i t y  o n l y  
c o r r e l a t i o n s  o f  —20 were  t a b u l a t e d .
The a d d i ng  t e s t  -  number o f  e r r o r s  showed s i g n i f i c a n t l y  c o r r e l a t i o n s  
i n  t h e  r i g h t  d i r e c t i o n s  (Appendix No. 21 f o r  t he  e x p e c t e d  s i g n  o f  
c o r r e l a t i o n s ) , a t  0. 05  l e v e l  w i t h  a g e  i n  F a c t o r y  I e x po s e d .  T ap pi n g  
d o u b l e  6o  s e c .  number o f  l a t c h e s  showed s i g n i f i c a n t  c o r r e l a t i o n  i n  t h e  
r i g h t  d i r e c t i o n  w i t h  h e i g h t  a t  0. 05  l e v e l  i n  F a c t o r y  I c o n t r o l s .  T ap pi n g  
d o u b l e  Go s a c .  number o f  b r i d g e  h i t s  showed s i g n i f i c a n t  c o r r e l a t i o n ,  
i n  r i g h t  d i r e c t i o n s  w i t h  w e i g h t  a t  0. 05  l e v e l  i n  c o n t r o l s  F a c t o r y  XI.
T a p p i n g  s i n g l e  p l a t e  Go s e c .  -  number o f  t a p s  showed s i g n i f i c a n t  
c o r r e l a t i o n s ,  i n  r i g h t  d i r e c t i o n s  w i t h  a g e  a t  0. 05  l e v e l  i n  F a c t o r y  I 
e x po s ed  and w i t h  h e i g h t  a t  0 .0 5  l e v e l  in F a c t o r y  1 c o n t r o l s .  G r i p  
s t r e n g t h  allowed s i g n i f i c a n t  c o r r e l a t i o n s  i n  r i g h t  d i r e c t i o n  w i t h  a g e  a t  O.01  
l e v e l  i n  F a c t o r y  I  exposed anti c o n t r o l s ;  w i t h  w e i g h t  a t  0 . 0 1  l e v e l  
i n  a l l  f o u r  g r o u p s ;  w i t h  h e i g h t  a t  0 . 01  l e v e l  i n  F a c t o r y  I ex pos ed  
and c o n t r o l s ,  and a t  O.0 5  l e v e l  i n  F a c t o r y  I I  c o n t r o l s ,  and w i t h  l e n g t h  
o f  employment a t  0 . 0 5  l e v e l  i n  F a c t o r y  I e x p o s e d .
( n o - h o l e  t e s t  -  t o t a l  number o f  p in s  showed s i g n i f i c a n t  c o r r e l a t i o n s  
i n  ttie r i g h t  d i r e c t i o n s  w i t h  age a t  0.0 5  l e v e l  and w i t h  h e i g h t  a t  o . O l  
l e v e l  i n  F a c t o r y  I I  e x po s e d.
O n e - h o l e  t e s t  -  t o t a l  p o s i t i o n  showed s i g n i f i c a n t  c o r r e l a t i o n s  i n  
r i g h t  d i r e c t i o n  w i t h  age a t  0.0 5  l e v e l  i n  c o n t r o l s  o f  both f a c t o r i e s ,  w i t h  
h e i g h t  a t  0 . 0 5  l e v e l  i n  F a c t o r y  I I  e x posed and w i t h  l e n g t h  o f  employment
TAl'LE 21 The product moment correlation coefficients between po"'.ilation physical 
characteristics and performance tests
Page 175
— —  ------ . _ _____
■
- Age Weight
i
i
1 Height l.ength of employment
Variable 1 Flo
1
f ile ! FIci Flic Fie File FIc Flic Fie File FIc Flic Fie Flic 1 FIc Flic
Adding test 
time -.24 i
•
errors .24+ -.2 6*
1
j
To it-irwi double 
6t'
No.: f latches - . 2 0 .29 .24 .2 0 -.24 .26+ - . 2 1
!
.42*
No.of bridge
h i ' : s
* 4
.3^ -.37+ - .2 0 - .2 0 - . 2 1  .
Tapping single 
6C" -.24+ .23 .2 2 -.23 .27: -.24
,
1
1 Grip strength
* 4
-. 36+
• 4
.29+ -.24 .5«+*
4 * 4 4
.66+ .37+ .44+*
4 4
.54 +
4 4
.38+
4 4
.58+
*
-,29+ .2 2 - . 2 0
, EniUtj ance
1 One-hole test 
No.of pins
4
-.4o+ 4 4-.47+ - . 2 1 .24
j
1 Grasp .2 8 •30 • 3C
44
-.46
i' po -I tioning -.31 .23+ .35+ -.36+
4 4
.39+'
1 • 
> RT or« .24+ .2 1+ .29+ - . 2 0 -.23+ -.4o+ .2 5
j
1
I Age Weight
Fie Filei
1
Flc ; File
11
Fie Flic Flc Flic
1 Ha arm
* 0
-.30+ j
i
**-.37+
**• 4l+
*♦
.48+
**
.32+
1 Frequency
!
11 arm ! 1 -.20 .30
1 X T  eg .32+* .28 !i
1 MS i eg -.35+*-.29
* ♦ * 
-.26+ -«4C+
0 0
.47+
0 *
.46+
* * 
.32+
1 Fr ouency
1 J^ n . -.20 .30
I HI visual .28+ .48+
1 MS visual -.28+ -.24 *•-.20 -.35*»-
* 0  
.37+ .42+ .27+
I Frequency
1 visual i . 'H • t
1 Fie - Factory I exposed 
1 FI.." - Factory 11 exposed 
I Fie - Factory 1 controls 
1 Flic - Factory II controls
! U  lend: * - significant at C .0 5 level
1 * * _ significant at 0.01 level
1 ♦ - correlate in the right, expected direction
Pace 1?6
ileioht Length of employment
Fie File KIc Flic Fie File Klc Flic
* «
.40+
*
. 26+ . 51+ .22 • 35*
.22
.27 -.40+*
* * • »  »•
.‘V7 -.25 .32+ .52+ -.2 2 -.26
.50
.39+* -.21 .24
• 32 -.38
- .2 5
.25 .24
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a t  0 .0 1  l e v e l  i n  F a c t o r y  I  c o n t r o l s .  R e a c t i o n  t im e  arm showed 
s i g n i f i c a n t  c o r r e l a t i o n s  i n  th e  r i g h t  d i r e c t i o n  w i t h  age  a t  0 .0 5  l e v e l  
i n  F a c t o r y  I  e x p o s e d  and c o n t r o l s  and w i t h  h e i g h t  a t  0 .0 5  l e v e l  in  
c o n t r o l s  o f  b o t h  f a c t o r i e s .  The  maximum s l o p e  arm showed s i g n i f i c a n t  
c o r r e l a t i o n s  i n  r i g h t  d i r e c t i o n  w i t h  age  a t  0 .0 1  1 'V e l  in  F a c t o r y  I 
e xp o se d  and a t  O.OJ l e v e l  in  F a c t o r y  I I  c o n t r o l s ;  w i t h  w e i g h t  a t  
0 .0 1  l e v e l  i n  F a c t o r y  1 e x p o se d  and c o n t r o l s  and i n  F a c t o r y  I I  e xp o sed ;  
w i t h  h e i g h t  a t  0 .0 5  l e v e l  in  F a c t o r y  I  c o n t r o l s  and a t  0 .0 1  l e v e l  in  
F a c t o r y  I  e x p o s e d  and F a c t o r y  I I  c o n t r o l s ;  w i t h  l e n g t h  o f  employment 
a t  0 .0 5  l e v e l  i n  F a c t o r y  I I  c o n t r o l s .  R e a c t i o n  t im e  l e g  showed 
s i g n i f i c a n t  c o r r e l a t i o n s  in  r i g h t  d i r e c t i  n wi t i l  .age a t  0 .0 1  l e v e l  in  
F a c t o r y  1 e x p o s e d  and w i t h  h e i g h t  a t  0 .0 3  l e v e l  i n  F a c t o r y  11 c o n t r o l s .
Maximum s lo p . -  l e g  showed s i g n i f i c a n t  c o r r e l a t i o n s  in  r i g h t  d i r e c t i o n  
w i t h  a g e  a t  0 .0 5  l e v e l  i n  c o n t r o l s  b o th  f a c t o r i e s  and a t  0 .0 1  l e v e l  in  
F a c t o r y  I  e x p o s e d ;  w i t h  w e i g h t  a t  0 .01  l e v e l  i n  F a c t o r y  I  e xp osed  and 
c o n t r o l s  and F a c t o r y  I I  e x p o s e d ;  w i t l i  h e i g h t  a t  C . ~ l  l e v e l  in  F a c t o r y
I  e xp o se d  and c o n t r o l s  and F a c t o r y  11 c o n t r o l s .
R e a c t i o n  t im e  v i s u a l  showed s i g n i f i c a n t  c o r r e l a t i o n  in  r i g h t  d i r e c t i o n  
w i t h  age a t  0 . 0 5  l e v e l  i n  F a c t o r y  1 e xp o se d  and a t  0 .0 1  l e v e l  in  F a c t o r y
I I  e xp o se d .
Maximum s l o p e  v i s u a l  s lowed s i g n i f i c a n t  c o r r e l a t i o n s  i n  r i g h t  
d i r e c t i o n  w i t h  age  a t  0 . 0 3  l e v e l  i n  F a c t o r y  1 e x p o s e d  and F a c t o r y  I I  
c o n t r o l s ;  w i t h  w e i g h t  a t  0 .0 5  l e v e l  in  F a c t o r y  1 c o n t r o l s  and F a c t o r y  
I I  e xp o sed  a n d  a t  0 .0 1  l e v e l  i n  F a c t o r y  I  e x p o s e d ;  w i t h  h e i g h t  a t  0 .0 5  
l e v e l  in  F a c t o r y  1 c o n t r o l s  and a t  0 .01  l e v e l  i n  F a c t o r y  I  e x p o s e d .
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I n  c o n c lu s i o n  th e  p e r fo rm a n c e  t e s t s  — one  h o l e  t e s t  number o f  p in s ,  
r e a c t i o n  t im e  arm , l e g  and v i s u a l  3lioweU c o n s i s t e n t  and s t a t i s t i c a l l y  
s i g n i f i c a n t  c o r r e l a t i o n s  w i t h  a g e  w h i l e  g r i p  s t r e n g t h ,  maximum s l o p e  
l e g  and v i s u a l  showed c o n s t a n t  and s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  
w i t h  a g e  nnd w e i g h t ;  maximum s l o p e  arm showed c o r r e l a t i o n  w i t h  a g e ,  
w e i g h t  and h e i g h t .
The  a s s o c i a t i o n  o f  t e s t s  w i t h  l e n g t h  o f  employm ent showed a r a t h e r  
c o n fu s e d  p i c t u r e  and as th e  v a r i a b l e  i s  l i k e l y  t o  be a s s o c i a t e d  w i t h  age  
i t  i s  c o n s i d e r e d  l a t e r  in  c o m b in a t io n  w i t h  a g e  and in  th e  e xp o se d  group  
o n l y .
1 1 . 7 0 .  A n a l y s i s  o f  v a r i a nce
C om p ar ison s  b e t w een exp osed  w o rk e r s  and c o n t r o l s  in  F a c t o r y  I 
anti f a c t o r y  I I
I n t e r c o r r e l a t i o n s  b etw een  p o p u l u t i  n p h y s i c a l  c h a r a c t e r i s t i c s  
g ro u p  v a r i a b l e s  and b i o c h e m is t r y  g ro u p  v a r i a b l e s  on . the  one hand and 
p e r f o rm a n c e  t e s t s  g ro u p  v a r i a b l e s  on th e  o t h e r  hand w e re  exam ined  t o  
s e e  i f  t h e r e  was a need  t o  a d ju s t  th e  p e r f o rm a n c e  grou p  v a r i a b l e s  f o r  
t h e i r  d ep en d en ce  on th e  f i r s t  two g rou ps  o f  v a r i a b l e s  b e f o r e  com par in g  
m eans .
The p e r fo rm a n c e  v a r i a b l e s  w h ich  showed no s i g n i f i c a n t  a s s o c i a t i o n  
w i t h  any o f  th e  p o p u l a t i o n s  p h y s i c a l  v a r i a b l e s  and b io c h e m ic a l  
v a r i a b l e - s  w e re  a d d in g  t e s t - t i m e  t o  p e r f o r m ,  a d d in g  t e s t  number o f  
e r r o r s ,  t a p p in g  d o u b le  p l a t e s  60 s e c .  t r i a l - n u m b e r  o f  l a t c h e s  and b r i d g e  
h i t s ,  t a p p in g  s i n g l e  p l a t e  6l) s e c .  t r i a l ,  num>er o f  t a p s ,  one h o l e  t im e  o f  
t o t a l  p o s i t i o n ,  and g r a s p ,  en d u ran ce ,  f r e q u e n c y  arm, f r e q u e n c y  l e g  and
f r e q u e n c y  v i s u a l
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A s im p le  a n a l y s i s  o f  v a r i a n c e  wa3 t h e r e f o r e  c a r r i e d  ou t  on a l l  
o f  t h e s e  v a r i a b l e s ,  e x c e p t  e n d u r a n c e ,  t o  t e s t  i f  th e  o v e r a l l  d i f f e r e n c e  
b e t w e e n  th e  means o f  th e  f i v e  g ro u ps  was s t a t i s t i c a l l y  s i g n i f i c a n t .
F o r  end u ran ce  i t  was shown t h a t  th e r e  was l i k e l y  t o  be  a d i f f e r e n c e  in  
t h e  r e s u l t s  b e tw een  F a c t o r y  I  and F a c t o r y  11 b e c a u se  o f  th e  o b s e r v e r  
e r r o r ,  t h e r e f o r e  f o r  t h i s  v a r i a b l e  two s e p a r a t e  a n a l y s i s  o f  v a r i a n c e  
w e r e  made, one t o  compare e x p o s e d  w o r k e r s ,  manual and o f f i c e  c o n t r o l s  
i n  t h e  F a c t o r y  I  and a n o th e r  t o  compare e xp o se d  w o r k e r s  and c o n t r o l s  i n  
F a c t o r y  11.
The r e s u l t s  o f  th e  F t e s t  a r e  shown i n  T a b l e  22s
TA11LS 22 A n a ly s is  o f  V a r i a n c e ,  c ompa r i s o n s  b e tw een  means o f  
f i v e  g ro u p s :  Fac t o r y  I  e x p o se d ,  o f f i c e  and manual c o n t r o l s ,
F a c t o r v  I I  — e x p o s e d  .-nd c o n _r o l:>
V a r i a b l e  F p = s t a t i s t i c a l l y
s i g n i f i c a n t
A d d in g  t e s t
t i m e  t o  p e r f o rm  5 *7 6 3  0 .001
N o .  o f  e r r o r s  5 *201  0 .001
"Capping d o u b le  p l a t e s
6 ,-"  N o .  o f  l a t c h e s  3 .4 1 1  0 .001
T a p p in g  s i n g l e  p l a t e
6 o "  No .  o f  t a p s  2 .4 9 9  0 .043
O n e -h o le  t e s t
t o t a l  t im e  g r a s p  3 *1 3 4  0 .0 16
S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  w e re  found f o r  v a r i a b l e s !  
a d d i n g  t e s t - t i m e  t o  p e r f o r m ,  a d d in g  t e s t -n u m b e r  o f  e r r o r s ,  t a p p in g  
s i n g l e  p ’ a lu  6o  s e c .  t r i a l  -  number o f  t a p s ,  t a p p in g  d ou b le  p l a t e s
P a g e  lBo
Co s a c .  t r i a l  — number o f  l a t c h e s ,  one  h o l e - t i m e  o f  t o t a l  g r a s p  and 
f o r  en d u ra n ce  i n  F a c t o r y  T b u t  n o t  in  F a c t o r y  11« F'or t h e s e  v a r i a b l e s  
s e p a r a t e  c o m p a r is o n s  b e tw e en  p a i r s  o f  means w ere  made u s in g  th e  " T "  
t e s t .  The  r e s u l t s  a r e  shown in  T a b l e s  N os .  2 3 , 24 ,  2 5 ,  2 6 , 27.
(P a g e s  l O l , 182, 183 ,184  and 18 5 ) .  F o r  th e  v a r i a b l e s  w here  F t e s t  
showed no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  o v e r a l l  o e tw e  n t h e  
means th e  d a t a  was exam ined  t o  see  i f  t h e r e  was any e v i d e n c e  o f  
m e a n in g fu l  d i f f e r e n c e  b e tw een  exp osed  and c o n t r o l  w o rk e r s  in  F a c t o r y  
I  o r  i n  F a c t o r y  I I  s e p a r a t e l y  th a t  c o u ld  h ave  been  c o n c e a l e d  i n  t b e  
o v e r a l l  c o m p a r is o n  o f  th e  f i v e  g ro u p s ;  bu t  d i f f e r e n c e s  b e tw een  exposed 
and c o n t r o l  w o rk e r s  w e re  n o t  c o n s i s t e n t  in  th e  two f a c t o r i e s  and no 
f u r t h e r  s t a t i s t i c a l  t e s t s  w e r e  c a r r i e d  o u t .
11. 7*4 .  An a l y s i s  o C o  v or  i ■:; to
e x a m in a t i o n  o f  the  s i m p l e  c o r r e l a t i o n  c o e f f i c i e n t s  showed t h a t  
the  s c o r e s  on th e  o n e - h o l e  t e s t  ( t o t a l  number o f  p in s  in  s even  t r i a l s )  
showed a n e g a t i v e  a s s o c i a t i o n  w i th  a g e ,  w h i l e  r e a c t i o n  t im e  arm, 
r e a c t i o n  t im e  l e g  and r e a c t i o n  t im e v i s u a l  showed p o s i t i v e  a s s o c i a t i o n  
w i th  a g e .
G r i p  s t r e n g t h ,  maximum s l o p e  l e g ,  and maximum s l o p e  v i s u a l  w e r e  
a l l  n e g a t i v e l y  a s s o c i a t e d  w i t h  ago and p o s i t i v e l y  a s s o c i a t e d  w i t h  
w e i g h t .
Maximum s l o p e  arm showed a s i m i l a r  a s s o c i a t i o n  w i t h  age  and 
w e ig h t  and a l s o  a p o s i t i v e  a s s o c i a t i o n  w i t h  h e i g h t .  T h e r e f o r e ,  b e f o r e  
making c o m p a r is o n s  be tw een  th e  v a r i o u s  g ro u p s  o f  w o rk e r s  i t  was n e c e s s a r y  
to  a d j u s t  th e  t e s t  s c o r e s  f o r  a g e ,  t o  a l l o w  f o r  th e  d i f f e r e n c e s  b e tw e en  
the  g r o u p s  i n  t h e s e  f a c t o r s  w h ere  t h “ y  w e re  r e l e v a n t .
P
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TAbLK 23 Adding te s t -  time to perform, comparison between pa irs  o f means
Comparisons Difference between means SE of difference
Significance
level
Factory I exposed versus 
Factory I manual controls -.05 1.5 -O .331I N.S.
Factory 1 exposed versus 
Factory 1 office controls 4.4 1.3 3.4029 P< 0.001
Factory I manual controls versus 
Factory I office controls 5.0 1.6 3.144 P< 0.01
Factory II exposed versus 
Factory II controls 2.8 1.8 1 .5 6 8 1 N.S.
Factory I exposed versus 
Factory II exposed
Factory I manual controls 
versus Factory II controls 0.6
1.5
1.8
-1.7383
0 .3 3 6 0
N.S.
N.S.
-
M
TAüLK 24 Addine) t st -  number o f e rro rs , cr -p rison  between pa irs  o f means
Comparisons
Factory I exposed versus 
Factory I manual controls
Factory 1 exposed versus 
Factory I office controls
Factory I manual controls versus 
Factory 1 office controls
Factory II exposed versus 
Factory II controls
Factory I exposed versus 
Factory II exposed
Factory I manual contro ls
versus Factory I I  contro ls
Sii of difference
1.1
2.2 0.9
1.1
0.4 1.3
-1.4 1.1
1.3 1.3
t S ign ificance le v e l
-2.1798 P<0.05
2.4365 P<0.02
4.0405 P<0.0C1
0.3198 N.S.
-I.3 2 6 8 N.S.
1.0395 N.S.
Difference between means
-2.3
S
» 
18
3
I.VDLfi 23 Tapping s in g le  p late <ic" -  number o f  trp s, comparison between ra ir s  o f means
Comparisons Difference between means Sii of difference S ign ificance le v e l
Factory I exposed versus 
Factory 1 nanual controls 3.2 O.3o75
Factory I exposed versus 
Factory I office controls -9.1 7.1 -I.2S78 N.S.
Factory 1 manual controls versus 
Factory I office controls -12.3 C.7 -I./1II2 N.S.
Factory II exposed versus 
Factory II controls -8.3 -0 .9 0 6 X.S.
Factory I exposed versus 
Factory II exposed -12.9 3.3 “l*582p N.S.
Factory I manual contro ls
versus Factory I I  contro ls -2 'i .9 9.7 -2.5G54 P< 0.02
T.Vilü 26 Tapping double p lates 60" - n>i:r~ 'r  o f la tches, comparison between pa irs  o f means
comparisons Difference between menus Sii of difference S ign ificance leve l
Factory I exposed versus 
Factory I manual controls -5 .I 3.6 - I . 4 1G3 N .S.
Factory I exposed versus 
Factory I office controls -4.4 3.1 -1 .4 278  N .S.
Factory 1 manual controls versus 
Factory I office controls 0.7 3.8 C.1841 N.s.
Factory IX exposed versus 
Factory II controls 2.6 4.2 0.6142 N.S.
F'actory 1 exposed versus 
Factory II exposed - I ? . ? 3.6 - 4 . 9 1 5 5  p < o .c c i
Factory I manual contro ls
versus Factory I I  contro ls -10.C 4.2 -2 .3 6 2 6 P < 0 .0 2
l’
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TASLü 27 One hole test  -  to ta l grasp, con v-irison between pa irs  o f cieins
Comparisons Difference between means SC of difference S ign ificance le v e l
Factory I exposed versus 
Factory I manual controls 3.9 '1.5 0 .8 6 9 8 n.s .
factory I exposed versus 
Factory I office controls 1.1 4.0 0.2743 N.S.
Factory I manual controls versus 
Factory 1 office controls - 2 .8 4.6 -O.60 3I N.S.
Factory II exposed versus 
Factory II controls - 8.1 4.6 -1 .7 7 5 6  N.s.
Factory I exposed versus 
Factory II exposed 13.7 4.2 5.270G F <0 .01
Factory I manual contro ls
versus F’actory I I  contro ls 1.7 4.8 0.3517 N.S.
Parie lf>6
T h e  a m o u n t  o f  a d j u s t m e n t  i s  d e t e r m i n e d  b y  t h e  r e g r e s s i o n  o f  t h e  
^ef5^ s c o r e s  o n  t h e  a s s o c i a t e d  v a r i a b l e s ,  t h e  a d j u s t e d  m ean  i n  e a c h  
g r o u p  b e i n g  c a l c u l a t e d  b y  t h e  f o l l o w i n g  f o r m u l a e :
To  a d j u s t  a  t e s t  s c o r e  f o r  a g e  o n l y  
A d j u s t e d  m ea n  = o b s e r v e d  mean -  b ( ^ - ^ )
w h e r e  b  = s i m p l e  r e g r e s s i o n  c o e f f i c i e n t  o f  t e s t  s c o r e  o n  a g e  o b t a i n e d  
b y  p o o l i n g  t h e  d a t a  f r o m  a l l  t h e  g r o u p s  b e i n g  c o m p a r e d  ( i t  
m e a s u r e s  t h e  a v e r a g e  c h a n g e  i n  t e s t  s c o r e  f o r  a n  i n c r e a s e  o f  
o n e  y e a r  o f  a g e )
^ = m ean  a g e  o f  s p e c i f i c  g r o u p  
^ = m ea n  a g e  o f  c o m b i n e d  g r o u p s .
f o r  a  s p e c i f i c  g r o u p  t h i s  f o r m u l a  g i v e s  t h e  m ean  t e s t  s c o r e  t h a t  
w o u l d  b e  e x p e c t e d  i f  t h e  mean a g e  o f  t h e  gn ap  lutd b e e n  t h e  sam e a s  t h a t  
o f  a l l  g r o u p s  c o m b i n e d .
T o  a d j u s t  a  t e s t  s c o r e  f o r  a g e ,  h e i g h t  a n d  w e i g h t  m u l t i p l e  r e g r e s s i o n  
i s  r e q u i r e d  u s i n g  t h e  f o l l o w i n g  f o r m u l a :
A d j u s t e d  m ea n  = o b s e r v e d  mean -  (.^—^ )  -  b 0 ( g - j$ )  -  b ^ ( ^ - ^ )
w h e r e  b ( 1 ^ 1 , 1 1 , 3 )  d e n o t e s  t i l e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  o f  t e s t  
s c o r e  o n  a g e ,  o n  h e i g h t  anil  on  w e i g h t  r e s p e c t i v e l y  e . g .  t h e  p a r t i a l  
r e g r e s s i o n  o f  a  t e s t  s c o r e  a n  a g e  s h o w s  t h e  a v e r a g e  c h a n g e  i n  t h e  t e s t  
s c o r e  f o r  a n  i n c r e a s e  o f  o n e  y e a r  o f  a g e  a s s u m i n g  t h a t  h e i g h t  and w e i g h t  
a r e  h e l d  c o n s t a n t .
m ea n  a g e  o f  s p e c i f i c  g r o u p  
m ea n  h e i g h t  o f  g r o u p
m^ m e a n  w e i g h t  o f  g r o u p
5 ,^ ^ a n d  x  = m ean a g e ,  h e i g h t  a n d  w e i g h t  r e s p e c t i v e l y  o f  a l l  g r o u p s  
c o m b i n e d .
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T h e  a m o u n t  o f  a d j u s t m e n t  i s  d e t e r m i n e d  b y  t h e  r e g r e s s i o n  o f  t h e  
t e s t  s c o r e s  o n  t h e  a s s o c i a t e d  v a r i a b l e s ,  t h e  a d j u s t e d  m e a n  i n  e a c h  
g r o u p  b e i n g  c a l c u l a t e d  b y  t h e  f o l l o w i n g  f o r m u l a e :
To  a d j u s t  a  t o s t  s c o r e  f o r  a g e  o n l y  
A d j u s t e d  m ea n  — o b s e r v e d  m ean — b ( ^ -- ^ )
w h e r e  b =  s i m p l e  r e g r e s s i o n  c o e f f i c i e n t  o f  t e s t  s c o r e  o n  a y e  o b t a i n e d  
b y  p o o l i n g  t h e  d a t a  f r o m  a l l  t h e  g r o u p s  b e i n g  c o m p a r e d  ( i t  
m e a s u r e s  t h e  a v e r a g e  c h a n g e  i n  t o s t  s c o r e  f o r  nn i n c r e a s e  o f  
o n e  y e a r  o f  a g e )
^ = m ea n  a g e  o f  s p e c i f i c  g r o u p  
= m ea n  a g e  o f  c o m b i n e d  g r o u p s .
K o r  a  s p e c i f i c  g r o u p  t h i s  f o r m u l a  g i v e s  t h e  m ean t e s t  s c o r e  t h a t  
w o u l d  b e  e x p e c t e d  i f  t h e  m ean  a g e  o f  t h e  group h a d  b e e n  t h e  sam e a s  t h a t  
o f  a l l  g r o u p s  c o m b i n e d «
T o  a d j u s t  a  t e s t  s c o r e  f o r  a g e ,  h e i g h t  a n d  w e i g h t  m u l t i p l e  r e g r e s s i o n  
i s  r e q u i r e d  u s i n g  t h e  f o l l o w i n g  f o r m u l a :
A d j u s t e d  m ean = o b s e r v e d  m ea n  -  ( ^ - ^ )  -  b 0 ( g - j { )  -  b ^ ( ^ - ^ )
w h e r e  b ^ ( i = l , 2 , 3 )  d e n o t e s  t h e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  o f  t o s t  
s c o r e  o n  a g o ,  o n  h e i g h t  a n d  on  w e i g h t  r e s p e c t i v e l y  e . g .  t h e  p a r t i a l  
r e g r e s s i o n  o f  a  t e s t  s c o r e  a n  a g o  s h o w s  t h e  a v e r a g e  c h a n g e  i n  t h e  t e a t  
s c o r e  f o r  a n  i n c r e a s e  o f  o n e  y e a r  o f  a g e  a s s u m i n g  t h a t  h e i g h t  a n d  w e i g h t  
a r e  h e l d  c o n s t a n t «
m ea n  a g e  o f  s p e c i f i c  g r o u p  
g= m e a n  h e i g h t  o f  g r o u p  
sgm m ea n  w e i g h t  o f  g r o u p
■ j, a n d  x  = m ean a g e ,  h e i g h t  a n d  w e i g h t  r e s p e c t i v e l y  o f  a l l  g r o u p s  
com b i  n e d .
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T a b l e  29 shows th e  r e g r e s s i o n  c o e f f i c i e n t s  d e r i v e d  from 
p o o l e d  c a l c u l a t i o n s  f o r  t h e  .5 main s tu d y  g roups ,  t o g e t h e r  w i th  t h e i r  
s i g n i f i c a n c e  l e v e l .
TAPLB 29 S im p le  and p a r t i a l  r e p r e s s }  n c o e f f i c i e n t s  o f  p e r fo rm a n c e  
t e s t s  on a g e ,  w e i g h t  and h e ig h t
P e r f o r m a n c e  t e s t  R e g r e s s i o n  c o e f f i c i e n t s
A g e  ( y e a r s W e i g h t ( k g ) H e i g h t  (cm)
One h o l e  t e s t
t o t a l  p i n s -O.673 (p< 0.02)
R e a c t i o n  t i m e  a rm 0 .7 3 6 ( P  < O . C l )
R e a c t i o n  t i m e  l e g 0 .5 0 8 (1* *0.05)
"  " v i s u a l 0 .4 7 9 (p <  0.0 1
Or.i p s t r e n g t h * -0.215 ( P - 0.001 0 .^68 ( F —O .O G l )
M a x . s l o p e  l e g * - 0 .5 3 1 (H -O .O O l ) 0.562 ( P = O .C O l )
" v i s u a l * - ^ . 3 9 2 (p  < 0 . 0 1 ) 0 .3 13 ( P - O . O ^ l )
"  a rm * -0.372 (p-0.01) 0 .5 7 1 U’-o.ooi) 0.434 (p=o.0 5 )
l e g e n d :  * p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  a r e  shown f o r  th e s e  t e s t s
T a b l e  30 ( P a g e  188) shows th e  a d ju s t e d  means which w e r e  then  compared 
by an a n a l y s i s  o f  c o v a r i a n c e .
The o v e r a l l  F t e s t  showed s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
b e tw een  tin.- f i v e  g ro u ps  f o r  r e a c t i o n  t im e  arm ( p = o . C 5 ) ,  r e a c t i o n  t im e  
v i s u a l  ( I ’ <  f i . O l )  and g r i p  s t r e n g t h  ( P < 0 . 0 1 ) .
Pane l8C
TAliLE 30 Ad.iusted anu unadjusted means of i 'rformancc. tests in five study groups 
Factory I  - exposed, o f f i c e  anil manual c ntrols. Fac tory  I I  exposed & con t ro ls
Performance tests
"itviups o f  
su b jec ts
One ho le
N o .o f  pins 
Unadj. A d j .
M >1
UT
Unadj.
K
arm
vdj.
M
Unadj
M
HT le g
• A d j . 
11
RT v isu a l
Unadj.  a d j .
M M
G rip  s t r g th
Unadj . A d j .
H K
MS
Unadj.
M
le g
Ad j.
K
MS v i s
Unadj. ' Ac j . 
M M
MS arm 1
Unadj. A d j l  
1
i a c to r y  I 
exposed 290.1 289.7 119.1 119.6 148.6. 148.8 134.5  134.8 62.7 62.1 7 .5 7.3 7 .2  7.0 7.3
i
7.1
V ic t o r y  I  manual 
c o n t ro ls 289.7 289.7 136.6 137.0 156.7 157.0 147.7 147.9 60.2 60.8 7 .2 7.2 7.1 7.1 6.8 6.9
! i c to r y  I  o f ' i c e  
c on t ro l  s 29/1.1 292.6 127.2 128.6 149.4 150,4 137.4 138.2 57*7 57.6 7 .1 7 .0 7 .0  6.9 6 .7
|
6 .5
Factory  11 
exposed 295.9 298.6 134.3 132.1 159.3 158.0 148.0 146.8 6 1.3 6 1.5 7 .4 7.6 7.5  7.7 7 .2 7 .4
i" i c t o r y  I I  
c o n t r o l s 291.7 293.4 133.7 131.8 159-3 158.1 149.2 148.2 63.2 63.8 7 .4 7 .6 7 .6  7-7 7.4 7 .7
F 0 .31 2 • 38 0.74 3.38 3. 36 0.98 1 .8 l 1.82
: v in i f i c a n c e  
1 e ve l P > 0.05
nons ig .
P= 0.05 P > 0 .0 5
nons ig .
P <  0.01 P <  c .01 P > 0 .0 5
nons ig .
P >  C.05 
nonsig .
P * 0 .C 5
nonsig
t
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K o r  t h e s e  t h r e e  t e s t s  c o m p a r is o n s  w e r e  made between  p a i r s  o f  
means where: t h e  d i f f e r e n c e  wou ld  be  c o n s id e r e d  o f  i n t e r e s t ,  and th e  
d i f f e r e n c e s  t e s t e d  f o r  s t a t i s t i c a l l y  s i g n i f i c a n c e .  The r e s u l t s  a r e  shown 
i n  T a b l e  31 ( P a g e  190 ) . S in c e  i t  was th o u g h t  t h a t  i n  th e  exp osed  g r o u p s  o f  
w o r k e r s  th e  r e s u l t s  o f  th e  p sy c h o m o to r  t e s t s  m igh t  be i n f lu e n c e d  by  
l e n g t h  o f  em ploym en t th e  r e l a t i o n s h i p  b e tw een  t e s t s  and l e n g th  o f  
e m p lo y n e n t  was  e x a m in 'd  in  th e  two e xp o se d  g ro u p s .  S in c e  l e n g th  o f  
em p loym en t was  r e l a t e d  t o  a g e  th e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  o f  each 
t e s t  on l e n g t h  o f  employment w i t h  a g e  h e ld  c o n s ta n t  was c a l c u l a t e d  
f ro m  th e  p o o l e d  d a t a  o f  th e  two g r o u p s «
I n  t i le  F a c t o r y  I I  e xp o se d  g ro u p  none o f  t h : p a r t i a l  r e g r e s s i o n  
c o e f f i c i e n t  was s t a t i s t i c a l l y  s i g n i f i c a n t .
In  th e  F a c t o r y  1 exp o sed  g ro u p  th e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  
was s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  th e  t e s t  .: t a p p in g  s i n g l e  6u s e c .  , 
r e a c t i o n  t im e  arm, r e a c t i o n  t im e  v i s u a l  — T a b l e  2 3s -
TAllL 28 P a r t i a l  r e p r e s s i o n  c o o f f i c i e n t s  o f  p e r fo rm a n ce  t e s t s  on
a g e , and on l e n g t h  o f  e mployment  f o r  e xposed  w o rk e rs  i l l  F a c t o r y  I
I
P a r t i a l  ¡ ¿ e g r e s s io n  C o e f f i c i e n t s
Regression on ag e  w i t h  R e g r e s s i o n  on l e n g th  o f
l e n g t h  o f  employm ent employment w i t h  ago h e l d
P e r f o rm a n c e  h e ld  c o n s t a n t  c o n s ta n t
T a p p in g  s i n g l e  
p l a t e  60"  -  No.
o f  t a p s  -3 «O f l  (P - O . f c i i l )  ’ P.O 'i (P=t>.G05)
R e a c t i o n  t im e
arm 1.311 (P=O .O o6 )  - 1 .1 3  (P=O.U48)
R e a c t i o n  t im e
v i s u a l  1 .2 3 9  (P--O.U> 1 )  - I .2 6  (P -O .C 06 )
S in c e  th e  r e s u l t s  w ore  n o t  c o n s i s t e n t  in  the  two f a c t o r i e s  u..d
TABLE 31 Com parisons between p a ir s  o f  ad justed  means fo r  r c . c t i i n  timo arm, re a c t io n  
timo v is u a l  and g r ip  stre n g th
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Performance tets
Reaction time arm Reaction time visual Grip strength
Co:ipari son
Difference
between
adjusted
means t
Significance
level
Difference
between
adjusted
means t
Sigili finance 
level
Li f fercnce 
between 
adjusted 
means t
Significance
level
FI G vs MC -17.4 -2.74 P< 0.01 -I5 .I -2.68 IJ< 0.01 1.3 0.78 N . s •
FI 2 vs CC -9.0 -1 .6 7 N.S. -3.4 -0 .8 0 N.S. 4 . 5 3.21 P< 0.01
FI X  vs OC -8.4 1.19 il « S « 9.7 1.87 i\.S. 3.2 1.72 N.S.
FU E vs C 1 c VI o.o4 N • S • -1.4 -0.24 ix.S. -2.3 -1 . 1 6 •\ • S •
FI E vs FII E -12.5 -1 .9 6 iJ=o • u5 -12.0 -2.44 P< 0.02 0 .6 0 .2 8 N.S.
n JiC VS FI I C 5.2 O .6 7 Niìii -0.3 -C.0 5 i^ lòl -3.1 1 .5 2 N.s.
. '"enfi: U  ii : factory I exposed
FI Ì-ÌC = Factory I manual controls 
FI OC = Factory I office controls 
F II E = Factory II exposed
F II 0 = Factory II controls
i 9 iF a ye
a s s o c i a t i o n  o f  t h e s e  t e a t s  w i t h  l e n g t h  o f  employment when a g e  was h e ld  
c o n s t a n t  showed th e  o p p o s i t e  r e s u l t  t o  th a t  e x p e c t e d  no a n a l y s i s  f o r  
means a d j u s t e d  f o r  l e n g t h  o f  employm ent was made.
1 1 . 7 . 5 . oiunmary on r e s u l t s  f o r  each  o f  p e r fo rm a n ce  t e s t s .
A d d i n g  t e s t
( a )  T im e  t o  p e r f o r m
T a b l e  19 showed th a t  i n  F a c t o r y  1 th e  mean o f  t im e  t o  p e r fo rm  
(m i n u t e s )  was s h o r t e r  f o r  c o n t r o l s  o f f i c e  w o rk e r s  than  f o r  manual 
c o n t r o l s .  T h e r e  was  no d i f f e r e n c e  b e tw een  exp osed  and manual c o n t r o l s ,  
s o  i n d i c a t i n g  th a t  th e  e xp o se d  w e re  n o t  a t  d i s a d v a n t a g e  i n  t h i s  c a s e .  
I lo - ie ve r  i n  F a c t o r y  11 a d i f f e r e n c e  i n  mean v a lu e  b e tw een  e x p o se d  and 
c o n t r o l s  a p p ea red  in  t h a t  th e  e x p o s e d  p e r f  ed p o o r e r  th an  c o n t r o l s .
An a l a y s i s  o f  v a r i a n c e  f o r  5 g ro u p s  ( T a b l e  22 ) (F a y e  179 ) F = 
s i g n i f i c a n t ,  •<.•■» . C om p ar is o n s  h e r  gen p a i r s  o f  n -an ( " t ' ‘ tes> ) g a v e
a s i g n i f i c a n t  d i f f e r e n c e  ( J'< O . t 'C l ) b e tw een  f a c t o r y  I  e x p o s e d  v e r s u s  
Fa c  -o ry  1 o f  i c e  c o n t r o l s  i . e .  th e  e x p o se d  p e r fo rm e d  p o o r e r  than o f f i c e  
c o n t r o l s ;  t h i s  was e x p e c t e d  as  a r e s u l t  o f  d i f f e r e n t  i n t e l l e c t u a l  
l e v e l  b e tw e e n  two g r o u p s .  The c o m p a r is o n  b e tw een  p a i r  o f  means ga ve  
a l s o  a F < V . 0 1  b e tw e e n  manual c o n t r o l s  F a c t o r y  1 and o f f i c e  c o n t r o l s  
F a c t o r y  1 ;  t h i s  r e s u l t  was e x p e c t e d  t o  a p p ea r  as  a r e s u l t  o f  d i f f e r e n t  
i n t e l l e c t u a l  l e v e l  b e tw een  two g ro u p s  and p ro v e d  c o r r e c t  t h e  id ea  t o  
d i v i d e  th o  c o n t r o l s  i n  F a c t o r y  1 i n  o f f i c e  and manual -  n o t  o n ly  f o r  
d i f f e r e n c e s  i n  p h y s i c a l  w ork  th e y  p e r f o r m  b u t  f o r  d i f f e r e n c e s  in  t h e i r  
i n t e l l e c t u a l  l e v e l .
( b )  Nui.ter o f  e r r o r s
T a b l e  19 shows th a t  i n  F a c t o r y  I  th e  moans i n d i c a t e  t h a t  tho c o n t r o l  
o f f i c e  w o r k e r s  made l e 3s number o f  e r r o r s  than manual c o n t r o l s  o r  e xp osed
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w o r k e r s .  A l s o  i n  te rm s  o f  means o f  e r r o r s  t h e  exp o sed  p e r f o rm e d  p o o r e r  
than  manual c o n t r o l s .  An a n a l y s i s  o f  v a r i a n c e  o f  f i v e  g r o u p s  ga ve  
K = s i g n i f i c a n t  ( i '  0 . . 0 1 )  ( T a b l e  211) . C om p ar is o n s  b e tw e en  p a i r s  o f
means ( " t "  t e s t )  showed:
F a c t o r y  1 e x p o s e d  v e r s u s  F a c t o r y  1 manual c o n t r o l s  I’ <  0 .0 5  
F a c t o r y  I  e x p o s e d  v e r s u s  F a c t o r y  I  o f f i c e  c o n t r o l s  l ’ < 0 . 0 2  
F a c t o r y  I  manual c o n t r o l s  v e r s u s  F a c t o r y  I  o f f i c e  c o n t r o l s  F <  0 .001  
No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  c o u l d  be found  in  F a c t o r y  I I .
From th e  a b o v e  r e s u l t s  o f  ad d in g  t e s t  i t  can be seen  t h a t  a l l  th e  
s i g n i f i c a n t  f i n d i n g s  w e re  e x p e c t e d  as  a r e s u l t  in  d i v i d i n g  t h e  s u b j e c t s  
in  th e  f i v e  g r o u p s .  U n le s s  p o s i t i v e  f i n d i n g s  in  m a j o r i t y  o f  o th e r  
p e r fo rm a n c e  t e s t s  c o u ld  be found  in  F a c t o r y  I  i s  no r e a s o n  f o r  j u d g in g  
th e  s i g n i f i c a n t  f i n d i n g s  o f  th e  ad d in g  t e s t  r e l a t e d  t o  l e n d .  I t  i s  
i n t e r e s t i n g  Co n o t e  the  f i n d i n g s  o _  i iepko a t  a l  ( 1 9 7 ’*) on a s i m i l a r  t e s t .  
On a r i t h m e t i c  c o m p u ta t io n  tes t,  th e y  r e p o r t e d  th a t  on a v e r a g e  th e  l e a d  
g ro u p  o f  s u b j e c t s  p e r fo rm ed  b e t t e r  than c o n t r o l s  and o n l y  t h o s e  p e o p l e  
w i t h  b lo o d  l e a d  ab ove  1 < fu g / lC O n l . b lo o d  p e r f o r m e d  p o o r e r  th a n  c o n t r o l s .  
in g o in g  T o s t
( a )  T ap p in g  d o u b l e  p l a t e s  f t  s e c .  -  number o f  l a t c h e s
The mean number o f  l a t c h e s  in  F a c t o r y  I  i s  p o o r e r  f o r  e xp o se d  
than  c o n t r o l s  ( T a b l e  19) (h u ge  1 7 0 ) .  No b i g  d i f f e r e n c e  in  mean v a lu e s  
b e tw een  manual and o f f i c e  c o n t r o l s  was f o u n d .
In  F a c t o r y  I I  a sm a ll  d i f f e r e n c e  in  mean showed t h a t  expose* !  
p e r fo rm e d  b e t t e r  than c o n t r o l s .
A n a l y s i s  o f  v a r i a n c e  b etw een  f i v e  g r o u p s  which s h o w s th a t  a t  l e a s t  
one  grou p  c o u l d  d i f f e r  f rom  th e  o t h e r s  g a v e  a 1* s i g n i f i c a n t ^  P ^ U . C O l .
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C o m p a r is o n s  b e tw e en  p a i r s  o f  means ( " t "  t e s t )  ( f a b l e  2 6 )  ( P a g e  lPA) 
showed  t h a t :  F a c t o r y  I  e xp o se d  p e r fo rm e d  p o o r e r  than  F a c t o r y  I I  e xp o se d  
( P <  0 . 0 0 1 )  and F a c t o r y  I  manual c o n t r o l s  p er fo rm ed  p o o r e r  than  F a c t o r y  
I I  c o n t r o l s  ( P <  0 . 0 2 ) .  The s i g n i f i c a n t  d i f f e r e n c e s  fou n d  between  
f a c t o r i e s  w e r ”  n o t  e x p e c t « ' ,  and s in c e  t h e  c o n d i t i o n  o f  e x p e r im e n t  was 
s i m i l a r  i n  b o th  f a c t o r i e s  no o t h e r  e x p l a n a t i o n  than m o t i v a t i o n  c o u ld  be 
g i v e n  f o r  t h e s e  f i n d i n g s .
The  l a c k  o f  s i g n i f i c a n t  f i n d i n g s  w i t h i n  f a c t o r i e s  i n d i c a t e  t h a t  t h i s  i s  
t h e  most l i k e l y  x p l a n a t i o n .
( b ) Nui.b-r o f  b r i d g e  h i t s
T a b l e  19 ( P a g e  I 7 tj ) shows t h a t  in  F a c t o r y  1 j’ r a c t i c a l 1 y  no d i f f e r e n c e  
i n  mean number o f  b r i d g e  h i t s  c o u ld  he found  among tr ie t h r o e  g ro u p s .
i n  F a c t o r y  I I  a s m a l l  d i f f e r e n c e  .appeared , th e  mean b r i d g e  h i t s  i n d i c a t e  
t h a t  th e  e x p o s e d  p e r fo rm e d  b e t t e r  than c o n t r o l s .
A n a l y s i s  o f  v a r i a n c e  f o r  t h e  f i v e  g ro u p s  ( T a b l e  22> ( P a g e  179) 
show F = n o n s i g n i f i c a n t ,  t h e r e f o r e  no c o m p a r is o n s  b e tw een  p a i r  o f  means 
( " t " )  w e r e  n e c e s s a r y .
( c ) T a p p i n g  s i n g l  e  p l a t «.• 6<> s e c .__number  o f  t a p s
The mean number o f  t a p s  shown in  t a b l e  19 i s  b i g g e r  i n  o f f i c e  
c o n t r o l s  i n  F a c t o r y  1 than t h a t  o f  e x p o s e d  and manual c o n t r o l s .  No 
n o t i c e a b l e  d i f f e r e n c e  b e tw een  exp osed  and manual c o n t r o l s  c o u ld  be fo u n d .
F a c t o r y  I I  c o n t r o l s  show a b i g g e r  number o f  mean t a n s ,  t h e r e f o r e  
t h e y  p e r f o rm e d  b e t t e r  than e x p o s e d .
A n a ly s i s  o f  v a r i a n c e  b e tw een  f i v e  g ro u p s  ( T a b l e  22 )  ( P a g e  179) showed 
F  = s i g n i f i c a n t ,  P <  O.G-\3. C o m p ar is o n s  betw een  p a i r s  o f  means ( " t " )  showed 
t h a t  F a c t o r y  I I  c o n t r o l s  p e r fo rm e d  b e t t e r  than F a c t o r y  I  c o n t r o l s  ( P < O . C 2 ) .
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T h i s  was an u n e x p e c ted  f i n d i n g s  and t h i s  i s  c o n s i s t e n t  w i t h  
d i f f e r e n c e s  b e tw een  f a c t o r i e s  c o n t r o l s  f o r  number o f  l a t c h e s .  A g a in  
m o t i v i a t i o n  f o r  F a c t o r y  I I  c o n t r o l s  t o  p e r fo rm  b e t t e r  c o u ld  b e  g i v e n  as  
an e x p l a n a t i o n  f o r  t h i s  f i n d i n g .
One h o l e  t e s t  
( a ) T o ta l ,  number o f  p in s
The mean number o f  p i i i3 ( T a b l e  19) (P a g e  170) i n d i c a t -  t h a t  
F a c t o r y  I  o f f i c e  c o n t r o l s  p e r f o rm e d  s l i g h t l y  b e t t e r  than manual c o n t r o l s  
o r  than  e x p o s e d .  The e x p o se d ,  p o o r e r  p e r fo rm e r s  than o f f i c e  c o n t r o l s  
show means s l i g h t l y  b e t t e r  than  manual c o n t r o l s .
I n  F a c t o r y  I I  th e  name t a b l e  shows t h a t  the e xp o sed  p e r f o r m e d  
b e t t e r  than  c o n t r o l s .
A n a l y s i s  o f  c o v a r i a n c e  ( T a b l e  3b) (P a g e  IM O  j n f i v e  g r o u p s  f o r  
a d ju s t e d  and u n a d ju s t e d  means g a v e  a P > 0 . 05= n o n s i g n i f l e a n t .
No c o m p a r is o n s  betw een  p a i r s  o f  means w e re  n e c e s s a r y .
( b ) L i r a s ; ) - t o t a l  t im e
In  T a b l e  19 (P a g e  17b) th e  means in  F a c t o r y  1 i n d i c a t e  t h a t  manual 
c o n t r o l s  p e r f o rm e d  b e t t e r  than o f f i c e  c o n t r o l s  o r  e xp o se d .  The o f f i c e  
p e r fo rm ed  b e t t e r  than  e x p o s e d .
I n  F a c t o r y  I I  th e  means show th a t  the  exposed  p e r fo rm e d  b e t t e r  than 
c o n t r o l s .
A n a l y s i s  o f  v a r i a n c e  f o r  th e  f i v e  g rou ps  ( T a b l e  22 )  ( P a g e  179) ga ve  
a F = s i g n i f i c a n t  P < U . O l 6 . C om p ar ison s  between  p a i r s  o f  means showed 
t h a t  F a c t o r y  I  e x p o se d  p e r f o rm e d  b e t t o r  than  F a c t o r y  I I  e x p o s e d  ( T a b l e  
2 7 )  ( P a g e  I 85 ) .
( c ) P o s i t i o n - t o t a l  t i m e
F o r  means o f  p os i  t i o n  th e  s i t u a t i o n  i s  s i m i l a r  t o  t o t a l  number
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o f  p i n s  i n  f a c t o r y  1«  I n  K . i c t o r y  I I  t h e  m e a n s  s h o w  t h e  sa m e  t e n d e n c y  
n s  f o r  n u m b e r  o f  p i n s  a n d  g r a s p ,  i . o .  t h e  e x p o s e d  p e r f o r m e d  h o t t e r  t h a n  
c o n t r o l s .  A n a l y s i s  o f  v a r i a n c e  f o r  t h e  f i v e  g r o u p s  s h o w e d  F  == n o n — 
s i g n i f i c a n t  s o  t h a t  n o  c o m p a r i s o n s  b e t w e e n  p a i r s  o f  m e a n s  w e r e  n e c e s s a r y .
T h e  c o n c l u s i o n  w h i c h  c a n  b e  d r a w n  i s  t h a t  t h e  d i f f e r e n c e s  i n  g r a s p  
b e t w e e n  F a c t o r i e s  w e r e  n o t  e x p e c t e d  a n d  a g a i n  m o t i v a t i o n  f r o m  F a c t o r y  
1 c x p o s e d g r o u p  c o u l d  b e  t h e  c a u s e .
I n  a n a l y s i n g  t h e  t e n d e n c y  o f  m e a n s ,  e v e n  t h e y  c l i <1 n o t  c o m e  t o  b e  
s i g n i f i c a n t , i t  s h o w e d  t h e  sam e d i r e c t i o n  f o r  t h e  t h r e e  v a r i a b l e s ,  
i . o .  t h e  e x p o s e d  b e t t o r  t h a n  c o n t r o l s  i n  F a c t o r y  I I .  T h i s  i s  s i m i l a r  t o  
R e p k o  e t  a l  ( 197^) f i n d i n g s  f o r  t h e  e y e - h a n d  c o - o r d i n a t i o n  t e s t  t h e y  
h a d  u s e d ;  t h e y  r e p o r t e d  t h a t  t h e  c o n t r o l s  s h o w e d  n o t  o n l y  s i g n i f i c a n t  
s l o w e r  r e s p o n s e  t i m e  b u t  a l s o  a  s i g n i f i c a n t l y  g r e a t e r  a m o u n t  o f  
v a r i a b i l i t y  i n  t h e i r  p e r f o r m a n c e .
R e a c t i o n  t i m e  a r m
I n  t a b l e  1 9  ( P a g e  1 7 0 )  t h e  m ea n  r e a c t i o n  t i m e  f o r  w o r k e r s  i n  
F a c t o r y  I s h o w e d  t h a t  e x p o s e d  w o r k e r s  w e r e  q u i c k e r  t h a n  t h e  c o n t r o l s ,  
i n  t h e i r  r e a c t i o n  t o  a n  e l e c t r i c a l  s t i m u l u s .  b e t w e e n  t h e  t w o  g r o u p s  o f  
c o n t r o l s  t h e  m e a n s  s h o w e d  t h a t  o f f i c e  w o r k e r s  w e r e  b e t t e r  t h a n  m a n u a l  
c o n t r o l s .
I n  F a c t o r y  I I  n o  n o t i c e a b l e  d i f f e r e n c e  b e t w e e n  m e a n s  o f  t w o  g r o u p s  
a p p e a r e d .  A n a l y s i s  o f  v a r i a n c e  f o r  t h e  f i v e  g r o u p s  s h o w e d  a n  F  = l i m i t  
o f  s i g n i f i c a n c e ,  P = U . C 5 .  C o  p a r i  s o n s  b e t w e e n  p a i r s  o f  m e a n s  ( " t " )  s h o w e d  
t h a t  F a c t o r y  1  e x p o s e d  r e a c t e d  m o r e  q u i c k l y  t h a n  F a c t o r y  I  m a n u a l  c o n t r o l s  
( P <  0 . 0 1 ) .
(a)  Maximum s l o p e  arm
, I n  T a b l e  1 9  t h e  m e a n  s l o p e  f o r  F a c t o r y  I  g r o u p s  s h o w e d  t h a t  t h e  m ean 
maximum s l o p e  f o r  e x p o s e d  i s  b i g g e r  t h a n  t h a t  o f  m a n u a l  c o n t r o l s ,
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t h e r e f o r e  th e  e x p o s e d  p er fo rm ed  b e t t e r .
I n  I* n e t o r y  I I  th e  d i f f e r e n c e  i n  mean b e tw een  exp osed  and c o n t r o l s  
i s  v e r y  s m a l l  s o  t h a t  a t  th e  a n a l y s i s  o f  c o v a r i a n c e  f o r  th e  f i v e  g rou ps  
( ' f a b l e  30 )  (P a g e  188 ) w i t h  a d ju s t e d  and u n a d ju s t e d  means th e  r e s u l t s  come 
n o n s i g n i f i c a n t  ( P > G . U 5 ) .
( b )  F requ en cy
In  t a b l e  19 ( P a g e  17G) the  means o f  f r e q u e n c y  o f  w o rk e r s  p e r f o rm in g  
r e a c t i o n  t im e  was around  3 .3  !lx . in  b etw een  and wi t h in  the  f a c t o r i e s  g r o u p s ,  
a n a l y s i s  o f  v a r i a n c e  b etw een  the  f i v e  g rou ps  showed  F = n o n s i g n i f i c a n t .
The im p o r ta n t  f i n d i n g s  from  th e  t h r e e  v a r i a b l e  o f  t a i s  t e s t  
( r e a c t i o n  t im e ,  maximum s l o p e  and f r e q u e n c y )  i 3  t h a t  o f  t en den cy  o f  
exp o sed  t o  p e r fo rm  b e t t e r  than c o n t r o l s  in  F a c t o r y  I  and no d i f f e r e n c e s  
b etw een  g ro u p s  in  F a c t o r y  11. From th e s e  r e s u l t s  th e  h y p o t h e s i s  o f  
d ec rem en t  in  p e r fo rm a n c e  r e s u l t e d  from  l e a d  p o i s o n i n g  i s  e x c lu d e d  a t  
t h i s  l e v e l  o f  b lo o d  l e a d .  on t i le  c o n t r a r y ,  t i le  e x p o se d  a r e  b e t t e r  in  
F a c t o r y  I  than c o n t r o l s ;  t h i s  i s  s i m i l a r  f i n d i n g  w i th  r e s u l t s  from a 
r e a c t i o n  t im e  s tu d y  p er fo rm ed  b e f o r e  i n  F a c t o r y  I I  iM i lb u rn  1973,
N i l  burn ,  i i i t r a n  and C r o c k f o r d  1976) ana i s  c o n c o r d a n t  w i th  i lepko e t  a l  
( 1 9 7 M  r e s u l t s  i n  w h ich  t h e i r  l e a d  w o rk e r s  p e r f o r m e d  b e t t e r  than  c o n t r o l s  
f o r  some o f  th e  p e r fo rm a n c e  t e s t s  th e y  used i n  t h e i r  b a t t e r y  o f  t e s t s .
The f r e q u e n c y  o f  hand g r i p  r e s p o n s e  was s e l e c t e d  becau se  i t  was 
c o n s id e r e d  t o  be  f r e e  o f  m o t i v a t i o n a l  a t t i t u d e  w h ic h  may a f f e c t  o th e r  
p e r fo rm a n c e  t e s t s .  The f r e q u e n c y  sh o u ld  be in d e p e n d e n t  o f  g r i p  s t r e n g t h  
as i t  i s  a  measure a t  wh ich  th e  t o t a l  g r i p  s t r e n g t h  s t a r t .  E xp e r im en ts  
on th e  r i g h t  and l e f t  hand o f  two male  s u b j e c t s  and  one woman s u b j e c t  i n  t h e
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I n s t i t u t e  o f  O c c u p a t i o n a l  h e a l t h ,  showed t h a t  th e  f r e q u e n c y  o f  r e s p o n s e  
d i d  n o t  depend  on s t r e n g t h  an d  th a t  the  r e s u l t s  w e re  v e r y  c o n s i s t e n t .
T h a t  i s  in  £i r e m a r k a b le  a g r e e m e n t  w i th  t h e  f r e q u e n c y  fou nd  in  th e  
p r e s e n t  s tu d y  w h ich  i n d i c a t e s  by t h e i r  n o n s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  
i a c t o r i . e s  and w i t h i n  f a c t o r i e s  t h a t  th e  n eu rom uscu le  s ys tem  has n o t  b een  
a d v e r s e l y  a f f e c t e d  by l e a d .
H e a c t i o n  t im e  l e g
The  mean r e a c t i o n  t im e  l e g  f o r  w o r k e r s  ( T a b l e  19) ( P a g e  17c ) in  
F a c t o r y  I  shov'ed th a t  th e  e x p o s e d  w o rk e r s  w e r e  q u i c k e r  i n  t h e i r  r e a c t i o n  
t o  an e l e c t r i c a l  s t im u lu s  t o  t h e  l e g  than  th e  c o n t r o l s .  The b i g g e s t  
d i f f e r e n c e  came to  be  in  means between  e x p o s e d  and manual c o n t r o l s  i . e .  
th e  e x p o s e d  p e r fo rm e d  b e t t e r  th a n  c o n t r o l s .
Ir :  F a c t o r y  I I  th e  means o f  r e a c t i o n  t im e  ! o.| com - to  b e  equ a l  
b e tw e e n  exp o se d  and c o n t r o l s .
A t  an a n a l y s i s  o f  v a r i a n c e  between  th<- f i v e  g ro u p s  th e  d i f f e r e n c e  
o b s e r v e d  in  F a c t o r y  1 d id  n o t  come s i g n i f i c a n t  s o  t h a t  K = n o n s i g n i f i c a n t ,  
P > O .U 5 .  No c om p a r is o n s  b e t w e e n  p a i r s  o f  means w e re  n e c e s s a r y .
( .a) r .ax i muin e l o p e l e g
From T a b l e  19 th e  mean maximum s l o p e  i n  F a c t o r y  I  w o r k e r s  was 
b i g g e r  in  e x p o se d  than in  c o n t r o l s ,  th e  b i g g e s t  d i f f e r e n c e  b e in g  b e tw een  
o f f i c e  c o n t r o l s  and e x p o se d .
I n  F a c t o r y  I I  th e  mean maximum s l o p e  l e g  was th e  same in  exp o sed  
and c o n t r o l s .  A n a l y s i s  o f  v a r i a n c e  b e tw e en  f i v e  g ro u ps  showed F = 
n o n s i g n i f i c a n t ,  P >  0 .0 5 «
( b ) F r e q u e n c y  l e g
T h e  mean f r e q u e n c y  ( T a b l e  19) f o r  l e g  o f  w o rk e rs  i n  F a c t o r y  I  and
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i n  i a c t o r y  I I  g ro u p s  w ere  around 3 »3  i lz .  No s i g n i f i c a n t  d i f f e r e n c e  has 
b een  found  a t  th e  a n a l y s i s  o f  v a r i a n c e ,  F » n o n s i g n i f i c a n t ,  P > 0 . 0 5 .
i'he im p o r ta n t  f i n d i n g s  o f  t h i s  t e s t  a r e  th e  s i m i l a r i t y  i n  t h e  
r e s u l t s  w i t h  r e a c t i o n  t im e  arm. A g a in  th e  two im p o r ta n t  f i n d i n g s ,  
b e t t e r  p e r fo rm a n c e  by  th e  l e a d  e xp o sed  w o rk e r s  than c o n t r o l s ,  and 
th e  c o n s i s t e n t  f r e q u e n c y  means in  a l l  g ro u p s  s u s t a in  th e  p o in t  o f  th e  
l e a d  e x p o s e d  group  n o t  b e in g  a f f e c t e d  by l o a d  in  t h e i r  p e r f o r m a n c e .  
R e a c t i o n  t im e  v i s u a l
The mean r e a c t i o n  t im e  t o  a v i s u a l  s t im u lu s  in  w o rk e r s  ( T a b l e  19) 
( P a g e  170 ) o f  F a c t o r y  I  showed th a t  the  e xp o se d  p e r fo rm e d  q u i c k e r  than 
c o n t r o l s ;  t h e  b i g g e s t  d i f f e r e n c e  ap p ea red  between  exp osed  and manual 
c o n t r o l s .  I n  F a c t o r y  I I  t h i s  ten d en cy  in  means i s  a g a in  found b u t  the  
d i f f e r e n c e s  b e tw een  two g ro u p s ,  exposed  and c o n t r o l s ,  i s  v e r y  s m a l l .
A n a l y s i s  o f  v a r i a n c e  f o r  the  f i v e  g ro u p s  showed s i g n i f i c a n t  
d i f f e r e n c e s ,  F = s i g n i f i c a n t ,  P < O . C l .  C om par ison s  b e tw een  p a i r s  o f  
means ( " t " )  showed t h a t  F a c t o r y  I  e xp osed  p e r fo rm e d  b e t t e r  than 
F a c t o r y  1 manual c o n t r o l s  P <  0 .0 1 ,  and t h a t  F a c t o r y  1 e xp osed  p e r f o r m e d  
b e t t e r  than  F a c t o r y  I I  e xp o se d ,  P < U .G C .
( a ) Maximum s l o p e  v i s u a l
In  t a b l e  19 th e  mean maximum s l o p e  f o r  r e a c t i o n  t im e  to  a v i s u a l  
s t im u lu s  i n  F a c t o r y  1 showed th a t  th e  exp o sed  were  b e t t e r  than c o n t r o l s ;  
t h e  b i g g e s t  d i f f e r e n c e  ap peared  betw een  exp osed  and o f f i c e  c o n t r o l s .
In  F a c t o r y  11 the c o n t r o l s  seem t o  have b e t t e r  means v a lu e s  th an  e x p o s e d .  
A n a l y s i s  o f  c o v a r i a n c e  f o r  a d ju s t e d  and u n a d ju s ted  means i n  th e  f i v e  
g ro u p s  was n o n s i g n i f i c a n t ,  P > O .U 5 .
Page 199
( b )  F r e q u e n c y  v i s u a l
I n  T a b l e  19 th e  mean f r e q u e n c y  o f  w o r k e r s  p e r f o r m in g  r e a c t i o n  t im e  
v i s u a l  was .>.2—3«*» H z .  in  a l l  y. onps w i t h  th e  e x c e p t i o n  o f  F a c t o r y  I I  
e x p o s e d  w h ere  i t  was 3 » 7  Ite. ; h ow eve r  a t  th e  a n a l y s i s  o f  v a r i a n c e  on th e  
f i v e  g r o u p s  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  w e re  fou n d .
The  im p o r t a n t  f i n d i n g  f o r  t h i s  t e s t  i s  t h e  s i m i l a r i t y  i n  r e s u l t s  
w i t h  r e a c t i o n  t im e  .arm ami l e g ,  i n  th a t  th e  e x p o s e d  p e r fo rm e d  b e t t e r  
th an  c o n t r o l s  and t h e  c o n s i s t e n t  f r e q u e n c y  means v a l u e s  f o r  a l l  g r o u p s .  
Such c o n s t a n t  f i n d i n g s  f o r  th e  t h r e e  r e a c t i o n  t i m e s  t e s t s  g i v e  t h e  
p o s s i b i l i t y  o f  c o n c l u d i n g  th a t  t h e  p e r fo rm a n c e  i s  n o t  a f f e c t e d  by  l e a d  
a t  t h i s  l e v e l  o f  a b s o r p t i o n .
An u n e x p e c t e d  f i n d i n g  was th e  s i g n i f i c a n t  d i f f e r e n c e  b e tw een  
F a c t o r y  1 e xp o se d  v e r s u s  F a c t o r y  IT  e xp o sed  in  w h ic h  th e  F a c t o r v  I  
e x p o s e d  g ro u p  p e r f o r m e d  b e t t e r .  h e r e  a g a in ,  o n l y  an unknown m o t i v a t i o n a l  
f a c t o r  c o u ld  be  i n v o l v e d  in  e x p l a i n i n g  t l i s  d i f f e r e n c e .
G r ip  S t r e n g t h
Th. mean g r i p  s t r e n g t h  va lues  e x p r e s s e d  i n  k g -  a r e  shown i n  T a b l e  19 
f o r  t h e  f i v e  g ro u p s  o f  w o rk e r s .  The mean v a l u e  i s  b i g g e r  i n  F a c t o r y  1 
e x p o s e d  than th e  c o n t r o l s  i . e .  th e y  p e r fo rm e d  b e t t e r  than c o n t r o l s ;  the  
b i g g e s t  d i f f e r e n c e  i s  b e tw een  e x p o se d  anil o f f i c e  c o n t r o l s .  I n  F a c t o r y  
I I  t h i s  s i t u a t i o n  i s  c h a n g ed ,  so  t h a t  t h e  mean v a l u e s  show t h a t  c o n t r o l s  
a r e  s l i g h t l y  b e t t e r  t i i a n  e xp o se d .
A n a l y s i s  o f  c o v a r i a n c e  b e tw een  f i v e  g ro u p s  w i t h  a d ju s t e d  and 
u n a d ju s t e d  means showed  s i g n i f i c a n t  d i f f e r e n c e s ,  F < U . 0 1 .  C o / p a r i s o n s  
b e tw e e n  p a i r s  a d j u s t e d  means showed th a t  F a c t o r y  I  e xp o se d  p e r f o r m e d  
b e t t e r  than  F a c t o r y  I  o f f i c e  c o n t r o l s ,  P < 0 . 0 1 .  No s i g n i f i c a n t  d i f f e r e n c e s
a p p e a r e d  b e tw e en  F a c t o r y  I I  g r o u p s .
The a b o ve  d i f f e r e n c e  found was e x p e c t e d  in  v i e w  o f  h e a v y  manual 
w o r k  t l i e  e x p o s e d  p e r f o r m e d ,  in  c om pa r iso n  t o  o f f i c e  w o r k e r s .
The n o n s i g n i f i c a n t  d i f f e r e n c e  b e tw een  exposed  and manual c o n t r o l s  
i n  b o th  f a c t o r i e s  showed  th a t  t h e s e  f o u r  g ro u ps  h ave  been  c o r r e c t l y  
m a tc h e d  in  v i e w  o f  t h e  amount o f  p h y s i c a l  e f f o r t  th e y  p e r f o r m  f o r  
t h e i r  w o rk .  The l a c k  o f  f i n d i n g s  showed t h a t  th e  exp o sed  p o p u la t i o n s  
a r e  n o t  a f f e c t e d  by l e a d  a t  th e  p r e s e n t  l e v e l  o f  a b s o r p t i o n .
Hep.vo e t  a l  (197^*) showed in  t h e i r  exp o sed  w o rk e r s  t h a t  g r i p  
s t r e n g t h  w as  b e t t e r  t h a n  th a t  o f  t h e  c o n t r o l s ,  and th e y  h y p o t h e t i s e d  th a t  
e x p o s e d  w o r k e r s  f e l t  t e a t  i t  was n e c e s s a r y  f o r  them n o t  t o  show t h e i r  
s u s p e c t e d  w eak n ess ,  and e x e r t e d  g r e a t e r  f o r c e s  on the s t r e n g t h  p u l l s ;  
t h i s  h y p o t h e s i s  was s u p p o r t e d  by t h e  f i n d i n g  o f  an i n v e r s e  r e l a t i o n s h i p  
b e t w e e n  m u scu la r  s t r e n g t h  and end u ran ce .  
e n d u r a n c e
F age  200
■
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o f  means showea s i g n i f i c a n t  d i f f e r e n c e s  b etween  exp osed  wiio p e r f o r m e d  
b e t t e r  than  o f f i c e  c o n t r o l s  I ' < 0 . 0 1 .
A n a l y s i s  o f  v a r i a n c e  b etw een  f a c t o r y  I I  g ro u p s  showed no 
s t a t i s t i c a l  d i f f e r e n c e .
Im p o r t a n t  f i n d i n g s  a r e  t h a t  e v e n  th e  a n a l y s i s  o f  v a r i a n c e  d id  
n o t  show, a t e n d e n c y  in  rne.ni v a l u e s  i n d i c a t e  t h a t  c o n t r o l s  manual 
a r e  p o o r e r  p e r f o r m e r s  than e x p o s e d . T h i s  i s  p o s i t i v e l y  c o r r e l a t e d  t o  
g r i p  s t r e n g t h  f i n d i n g s  and d oes  n o t  i n d i c a t e  a d ec rem en t  in  l e a d  e x p o se d  
w o r k e r s  a t  th e  p r e s e n t  l e v t- l  o f  l e a d  a b s o r p t i o n .
llepho e t  a l  (197^*) r e p o r t e d  t h a t  i n  terms o f  m uscu la r  e n d u r a n c e  
t h e i r  c o n t r o l s  w e re  b e t t e r  than e x p o s e d  ( P < O . G l ) ;  a l s o  no s i g n i f i c a n t  
d i f f e r e n c e s  w e r e  found  among b lo o d  l e a « !  su b g rou p s ,  t h e r e  was a l a r g e  
d e c r e a s e  i n  endurance it b l oo d  l oa d l e v e l  GO—G )ug/lCC 1 .
The a u t h o r s ’ e x p l a n a t i o n  was t h a t  p e o p l e  o f  h i g h e r  b lo o d  l e a d  
subgroups  e x e r t e d  t h e m s e l v e s  t o  g r e a t e r  e x t e n t  on s t r e n g t h  p u l l s  than 
p e o p l e  o f  l o w e r  b l o o d  le a d  subgroups  and t h e r e f o r e  w e re  u n a b le  t o  
m a in t a in  t h e i r  enduran ce  f o r  as l o n g  a s  l o w e r  subgroups .
1l.7•G . Tremor tests
Tut! t r em o r  t e s t s  have  been  p e r f o r m e d  on s u b j e c t s  f rom  F a c t o r y  I  
o n l y .  The equ ip m en t  f o r  t r e m o rs  had b e . n  borrow ed  from th e  H o y a l  
N a v a l  l in v i r o n m e n ta l  M e d i c in e  U n i t .
The f o u r  t r e m o r s  a n a ly s e d  w e r e :  i n t e n t i o n ,  p o s t u r a l ,  b a l a n c e
b o a rd  -  e y e s  open  and e y e s  s h u t .  In  t h e  c h a p t e r  o f  methods ( 1 0 . 8 )  
d e t a i l s  on p r o c e d u r e  w e re  g i v e n .  The Sam p l in g  t im e  f o r  each  t r e m o r  was 
t e n  t im e s  o f  two s e c o n d s .
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T i i «  mean o f  s q u a r e  a m p l i tu d e  o f  power f o r  each  v a r ia b le ?  o v e r  a 
spec t ru m  o f  f r e q u e n c y  o f  O . 5 - 0 .3 2  ■ » z .  f o r  th e  t h r e e  g rou ps  o f  s u b j e c t s ,  
e x p o s e d ,  manual c o n t r o l s  and o f f i c e  c o n t r o l s ,  had been  a n a ly s e d  by 
com pu te r  and th e  r e s u l t s  a r e  g i v e n  in  F i g u r e s  4 1 -44  (P a g e s  203 ,  2G4,
2 0 5 ami 21 f>) .
'f l ic  t o t a l  number o f  s u b j e c t s  t e s t e d  f o r  a l l  f o u r  t r e m o r s  was 9 8 , 
f rom  whom 4f> e x p o s e d  t o  l e a d ,  22 manual c o n t r o l s  anil 30 ■ o f f i c e  c o n t r o l s .
The i n t e n t i o n  t r e m o r  seem t o  be  th e  most s e n s i t i v e  among th e  f o u r  
t r e m o r s  t e s t e d .  I n  f i g u r e  4 l  t h e  mean power o f  i n t e n t i o n  t r e m o r ,  f o r  
t l ie  t h r e e  g ro u ps  l ias  been  p l o t t e d .  Tiie  l i n e  f r o m  O- S Hz. r e p r e s e n t s  
t h e  movement o f  th e  w h o le  body  due t o  h e a r t  b e a t s  o r  t o  v i s u a l  c o r r e c t i o n .  
The p h y s i o l o g i c a l  t r e m o r  s h o u ld  be ju d ge d  be tw een  8 -12  , l z .  i n t e r v a l  
( L i p o i d ,  1971-) • As c . - n  ;>•? s e e n  o v e r  to .*  8-12 . I z .  s p e c t r u m  s m a l l  d i f f e r e n c e s ,  
n o n s i g n i f i c a n t l y  s t a t i s t i c ,  a p p e a r s ! .  The p i c t u r e  o f  th e  e xp o se d  group  
i s  s i m i l a r  to  t h a t  o f  manual c o n t r o l s ,  e x c l u d i n g  l e a d  as an e t i o l o g i c a l  
f a c t o r  f o r  th e  s m a l l  d i f f e r e n c e s .  The e x p l a n a t i o n  f o r  t h i s  d i f f e r e n c e  
c o u ld  be in  o t h e r  f a c t o r s ,  w h ich  u s u a l l y  i n f l u e n c e  t r em o r ,  such as  a g e ,  
e m o t io n a l  s t r a i n ,  v i s u a l  a c u i t y ,  f a t i g u e  e t c .
P o s t u r a l  t r e m o r  p l o t t e d  in  f i g u r e  42 show some d i f f e r e n c e s ,  
s t a t i s t i c a l l y  s i g n i f i c a n t  ( » ' < 0 . 0 1 )  b e tw een  manual c o n t r o l s  g ro u p ,  who 
a p p e a r  w i th  a b i g g e r  amount o f  t r em o r  and the  e xp o se d  g ro u p .  An 
e x p l a n a t i o n  f o r  t h i s  f i n d i n g  c o u ld  be th e  d i f f e r e n c e  in  b od y  w e i g h t  o r  
th e  amount o f  p h y s i c a l  work  th e  s u b je c t s  had done p r i o r  t o  b e  t e s t e d .
F i g u r e s  43-44  show t h e  p l o t t e d  t r em o r  on b a l a n c e  board  w i t h  e y e s  open 
( F i g . 43) and e y e s  s h u t  ( F i g . 4 4 ) .  I f  p e o p l e  t e s t e d  shou ld  have  p r e s e n t e d  
more t r em or  f o r  b a l a n c e  boa rd  e y e s  s h u t ,  t h e  more s e n s i t i v e  o f  th e s e
Kj<|tir»; 4] - Tliu mean square g.'iijil i tude of power of intention trffmor
for e x p o s e d ,  manuel and office controls (Factory I)
L e r j e n d ! jt e x p o s e d  to  l e a d  
^  o f f i c e  C o n t ro ls  
A  manual c o n t r o l s
J_____I_____I_____ I_____I_____1_____I_____I_____I_____I_____ I_____ I_____I--------L
ran* 2u*è
F i g u r e  42 -  The  Mean Square Am p)! itude  o f  pow er o f  p o s tu r a l  t r e m o r  
f o r  e x p o s e d ,  manual and o f f i c e  c o n t r o l s  ( F a c t o r y  l )
L e g e n d : * e x p o s e d t o  l e a d
♦ o f f i c e c o n t r o l s
❖ manual c o n t r o l s
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F ig u re  4? -  The mean squ are  am plitu iie o f  power o f  b a la n c e  board  trem or
ey es  open f o r  exposed , manual and o f f i c e  c o n t ro ls  (F a c to ry  I )
L e g e n d :
♦
o
e x p o s e d  t o  l e a d  
o f f i c e  c o n t r o l s  
manual c o n t r o l s
H ÎI H O d . i o  a a n x i T c i w v  s  h v  n n  s N V V. W
P .VI* 2C6
Fifluro *i4 — The mean .square amplitude of ;)ovar of balance board tremor
eyes shut for expose«! t ? n atiual and office controls (Factory J)
L e yen d : * exposed  t o  l e a d
♦ o f f i c e  c o n t r o l s
❖ manual c o n t r o l s
J-------- 1--------1--------1--------1______ 1______ 1 l 1 1 1 ___ 1______1______ 1______ L
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two t r e m o r s ,  l e a d  sh o u ld  h a v e  b een  t a k e n  i n t o  c o n s i d e r a t i o n  a s  a 
p o s s i b l e  e t i o l o g i c a l  f a c t o r .  As  can  be s een  f rom  F i g u r e s  4 3 - 4 4 ,  
no s i g n i f i c a n t  d i f f e r e n c e s  a p p e a r e d  f o r  b o th  t h e s e  t r e m o r s .
1 1 .0  N ur v . )  C o n d u c t io n  v e l o c i t y
I n  t h e  c h a p t e r  o f  m e th o d o lo g y ,  s e c t i o n  10.1  t h e  r e a s o n  o f  
c h o o s in g  t h e  grou p  o f  e x p o s e d  and c o n t r o l s  w o r k e r s  f o r  th e  p r e s e n t  
s tu d y  i n  F a c t o r y  I  was shown; f o r  t h e  same r e a s o n  th e  i n d i v i d u a l  
r e s u l t s  f o r  n e r v e  c o n d u c t i o n  v e l o c i t y  w e re  n o t  a v a i l a b l e ;  o n l y  th e
r e s u l t s  c o n c e r n i n g  th e two g r o u p s  - e xp o se d  and c o n t r o l s - w e r e
a v a i l a b l e  f r o m  A r c h ib a i i i ' s  P r o g r e s s d e p o r t  ( 19 7 6 ) . These r e s u l t s  a r e
r e p r o d u c e d  from th e  ab ove  r e p o r t  i n T a b l e  No .  32s
TA151.Lv yj. X1 ì • p u i r •d " t "  t e s t  t>f  f  jgoseiJ and c o n  tr - i l :3 i n  ir ••■ctory
P a ra m e te r N r . Mean + SU 
E xp osed
Mean -*• SU 
C o n t r o l s P S i g .
Age 94 3 9 -  9 3 9 Ì  9 N .S .
b lo o d  l e a d 05 6o -  15 24-9 < 0.0005 S i g .
U ln a r  maximum 
m otor  c o n d u c t i o n  
v e l o c i t y 94 5 3 . 4 - 4 . 1 5 5 . 6 - 4 . 3 < 0.0005 S i g .
Median maximum 
motor c o n d u c t i o n  
v e l o c i t y 94 5 5 . 9 - 3 . 9 5 7 . 3 - 3 . 9 < 0 .0 1 S i y  .
U ln a r  1i 
a m p l i tu d e ' 94 92 . 2 - 7 . 4 9 2 .6 ^ 9 .7 > 0 .0 5 N .S .
Median $o 
a m p l i tu d e 94 9 4 . 2 - 7 . 3 9 4 . 2 - 9 . 3 > 0 .0 5 N .S .
( f r o m  A r c h i b a l d  J ,  1976)
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T h e  c o n c l u s i o n  drawn by  A r c h i b a l d  (1 9 7 6 )  i s  t h a t  t h e r e  i s  
e v i d e n c e  o f  ch a n ges  i n  t h e  p e r i p h e r a l  n e r v e  fu n c t i o n  i n  ab sen ce  o f  
symptoms o f  n e u r o l o g i c a l  d i s t u r b a n c e ,  ai.d t h e s e  chan ges  ap p ea r  o n ly  
in  m o to r  n e r v e s  and n o t  in  t h e  s e n s o r y  n e r v e s .  T h e re  i s  no c o r r e l a t i o n  
b e tw een  s e v e r i t y  o f  n e r v e  damage and b io c h e m ic a l  t e s t s  i . e .  b lo o d  l e a d ,  
u r i n a r y  l e a d ,  a m i n o - l e v u l i n i c  a c i d ,  ami n o - 1 e v u l i n i c  a c i d  d e h id r a s e ,  
h a e m o g lo b in ,  f r e e  e r y t h r o c y t e s  p o r p h y r in s  and c o p r o p o r p h y r in e  u r i n e .
T h e  u ln a r  m o to r  c o n d u c t i o n  v e l o c i t y  i s  a f f e c t e d  by th e  l e n g th  
o f  e x p o s u r e  (P  < 0 . 0 5 )  but n o t  th e  m ed ian ,  r a d i a l ,  p e r o n e a l  m otor  n e r v e  
c o n d u c t i o n  v e l o c i t y .
The  l a c k  o f  i n d i v i d u a l  r e s u l t s  made im p o s s i b l e  a s t a t i s t i c a l  
a n a l y s i s  b e tw een  t h e  p e r fo rm a n c e  t e s t s  and n e r v e  c o n d u c t io n  v e l o c i t y  
i n  F a c t o r y  I :ul>.iect.i .  T h i s  does no'  mean t h a t  i n  the p r e s e n t  work we 
s h a l l  n o t  d i s c u s s  them : on t i e  c o n t r a r y ,  o u r  d i s c u s s i o n  i s  based  on 
th e  r e s u l t s  in  th e  n e r v e  c o n d u c t i o n  v e l o c i t y  t e s t s  on b o th  f a c t o r i e s *  
s u b j e c t s ,  and c o n c l u s i o n  w i l l  be  drawn on b o th  s t u d i e s  on n e r v e  
c o n d u c t i o n  v e l o c i t y  i . « •  A r c h i b a l d ' s  (1 9 7 6 )  in  F a c t o r y  X and mine i n  
th e  p r e s e n t  s tu d y  i n  F a c t o r y  I I .
In  F a c t o r y  I I  t h e  n e r v e  c o n d u c t i o n  v e l o c i t y  t e s t  had bairn p e r f o r m e d  
on 30 e x p o s e d  and 23  c o n t r o l  w o r k e r s ;  th e  param eter ,  measured  had b e e r  
m e n t io n e d  in  c h a p t e r  l u ,  s e c t i o n  1 0 . 9 » 3 .  f h e  r e s u l t s  as  m e 'ns  and 
s ta n d a rd  d e v i a t i o n s  f o r  each  o f  th e  v a r i a b l e s  in  th e  n e r v e  c o n d u c t i o n  
v e l o c i t y  s tu d y  in  F a c t o r y  I I  a r e  g i v e n  i n  T a b l e  No. j>3 (P a g e  2 0 9 ) .
T h e  mean maximum m oto r  c o n d u c t i o n  v e l o c i t y  in  th e  median n e r v e  o f  
the  e x p o s e d  m u sc le  a c t i o n  p o t e n c i a l  i s  s l o w e r  w i t h  1 .4 :* i ./sec .  than t h a t
iABLli 33 U ln a r and median motor conduction v e lo c it y ,  mean and standard  d e v ia t io n s  in
factory il su acts
Nerve
: ..,'IAN
M.NAR
1Groups of 
subjects
No. of 
subjects
Maximum motor 
velocity m/sec
conduction
Mean SO
EXPOSED
j
30 55.fi 4.7
CONTROLS 23
!
57.2
i1
3.1
EXPOSED 30 5'». 7 4.9
CONTROLS 23 56.0 3.4
Amplitude Amplitude ' lilbow/wrist
wrist elbow %
mV mV
Mean Mean su Mean SU
1 2 . 1 3 .6 11.5 3 .6 94.6 6 .5
14.2 3 .1 13.5 2.9 95*4 5 .4
10.9 5 .0 9.» 3.0 9 0 .1 8 .3
11.4 to *4 10.3 2 .3 9 1 .6 6.4
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o f  t h e  c o n t r o l s ,  t h e  mean a m p l i t u d e  o f  m u sc le  a c t i o n  p o t e n t i a l  when 
s t i m u l a t i n g  a t  t h e  w r i s t  i s  w i t h  2 .1  m .v .  b i g g e r  in  c o n t r o l s  than  th e  
e x p o s e d ,  and when s t i m u l a t i n g  a t  th e  e lb o w  i s  2 m . v .  b i g g e r  i n  th e  
c o n t r o l s  th an  t h e  e x p o s e d ;  th e  p e r c e n t a g e  e l b o w / w r i s t  has  t h e  mean 
w i t h  0.8^4 b i g g e r  i n  c o n t r o l s  th a n  th e  e x p o s e d .
T i le  mean maximum m otor  c o n d u c t i o n  v e l o c i t y  i n  th e  u l n a r  n e r v e  
o f  t h e  e x p o s e d  i s  s l o w e r  w i t h  1 . 9  m/sec. th an  t h a t  o f  t h e  c o n t r o l s ;  
th e  mean a m p l i t u d e  o f  a c t i o n  p o t e n t i a l  when s t i m u l a t i n g  a t  t h e  w r i s t  
i s  w i t h  0 . 5  mv. b i g g e r  in  th e  c o n t r o l s  than  i n  th e  e x p o s e d ;  and when 
s t i m u l a t i n g  a t  t i l e  e lb o w ,  i s  w i t h  0 .5  mv. b i g g e r  in  t h e  c o n t r o l s  th an  
th e  e x p o s e d ;  t h e  p e r c e n t a g e  e l b o w / w r i s t  l ias  th e  mean w i t h  1.594 b i g g e r  
in  c o n t r o l s  th a n  th e  e xp osed .
I n  T a b l e  No .  "yh ( P a g e  211 ) i s  shown t h a t  a T - t e s t .  had b een  c a r r i e d  
o u t  f o r  a n a l y s i n g  th e  above  d i f f e r e n c e s  and had b een  fou n d  - s t a t i s t i c a l l y  
s i g n i f i c a n t  ( P < 0 . 0 5 )  l e v e l  o n l y  f o r  th e  m edian  n e r v e  f o r  t h e  
a m p l i t u d e  o f  t h e  m u sc le  a c t i o n  p o t e n t i a l  when s t i m u l a t i n g  a t  th e  w r i s t  
and a t  t h e  e l b o w .  The a s s o c i a t i o n  o f  n e r v e  c o n d u c t i o n  v e l o c i t y  p a ra m e te r s  
w i t h  a g e ,  l e n g t h  o f  em ploym ent,  b lo o d  l e a d ,  u r i n a r y  l e a d  and am ino­
l e v u l i n i c  a c i d  i n  u r i n e  w e re  a n a l y s e d  by  c a l c u l a t i n g  th e  c o r r e l a t i o n  
c o e f f i c i e n t  f o r  e xp o se d  and c o n t r o l  w o rk e r s  in  F a c t o r y  I I .
T a b l e  No .  35 ( P a g e  212 ) shows th e  p r o d u c t  moment c o r t e l a t i o n  
c o e f f i c i e n t s  among n e r v e  c o n d u c t i o n  v e l o c i t y  p a ra m e t e r s  and a g e ,  l e n g t h  
o f  em p lo ym en t ,  b l o o d  l e a d ,  u r i n a r y  le a d  and a m i n o - l e v u l i n i c  a c i d  in  
u r i n e ;  T a b l e  N o .  36 ( P a g e  213 ) shows p r o d u c t  moment c o r r e l a t i o n  
c o e f f i c i e n t s  b e tw e e n  n e r v e  c o n d u c t i o n  v e l o c i t y  p a r a m e t e r s  and p e r fo rm a n c e
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TAULE 3^ The "t" test for ulnar and median motor conduction velocity 
in factory II subjects
Nerve Groups of subjects Maximum rotor conduction 
velocity
Amplitude
wrist
Amplitude
elbow
Elbow/vrist
%
MEDIAN Exposed & controls 1.21519 2 .2 0 1 2 3
P < 0 .0 5
2.14369 
P <0.05
0.47015
ULNAR Exposed anc controls 1 .5 6 2 0 2 0 .6 1 9 0 1 O.6 53 0 2 0.70587
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TùlLE 35 Tile product mornont correlation coefficients between nerve conduction 
velocity parameters anti age, blood ard urinary lead, amir.o-lcvunic 
acid in urine
MEDIAN
Motor Amplitude Amplitude
conduction
velocity
wrist elbow
Variable E C E C E C
»«•
An« -.6o+ -.31
length of *.
emfloyment ■-.44+ -.59
Diood lead
:
■ -.24 -.24
Urinary lead .37
AJA in urine .43
ULNAR
Elbow/ 1 Motor Amplitude i Amplitude
wrist conduction wrist elbow
% velocity 1
E C ; s c E C E C
-.23 .'7
*
-.3^+ -.50+ -.21 -.49+ -.29
*
-.40+
C
Oin
i
1
.
-.22 -.22 .22
-.24
ElLow/ 
wrist 
%
E C
.2 6
-.28
Legends E = exposed subjects 
C = controls
* significant at 0 .0 5 level 
** significant at 0.01 level 
*•* significant at 0.001 level 
+ correlate in the right, expected direction
performance tests
J MEDIAN
Motor Ampi itudo Amplitude Elbow/ Motor 1
; (conduction wrist elbow wrist conuuction
Velocity , i % velocity
k
1
c E C E C a c E C 1j
Addine test
t in e
errors - .37
Tapi i ng double 
60"; latches •35 .36 • 36
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b r id g e  h i t s  j
Tapping
singln  - No.
ot taps 
Ciri;, s trength  
Endurance - .33  
One-hole 
N o . o f  p ins 
grasp
P o s i t i o n in g  
Itene*: ion time
iu*M
Nx. ;1 ope arm 
Frc  r j oncy arm 
Hear: t ion time
len
M x.s lope  le g  
Froijjlency leg 
K eac t ion  time . „
-.37
.41
.4li
.43+ .39
-.44+ -.41 -.30visual 
Mx. •; 1 ope 
vj sual 
F r -  .'ency 
vi -ual
1er '¡nil IS = exposed.
.41 +
.30
-.33
-.37
• 33
-.43
♦ *
-.41+
.43
-.42+
-.45+
UENAK
.Amplitude
wrist
1 Amplitude
elbow
-.38
C = controls. • significant at 0.< 3 level.
-.31
** significant at 0.01 level
Elbow
w r is t
%
E
.30 .44
.41
- .3 0
- .32
•33
-•31
-.46+ -.55 
-.34+
•35
+ correlate in the right expected direction
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t e s t s .  K o r  t h e  sak e  o f  c l ar i t y  o n l y  c o r r e l a t i o n s  o f  -20  aniJ o v e r  a r e  
shown i n  b o t h  th e s e  t a b l e s .
The s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  w h ich  f o l l o w  t h e  r i g h t  
d i r e c t i o n  (A p p e n d i x  N o .  2 f o r  th e  e x p e c t e d  s i g n  o f  c o r r e l a t i o n s )  was 
found  o n l y  i n  th e  e x p o s e d  g ro u p ,  b e tw een  ag e  and m ed ian  m o to r  c o n d u c t i o n  
v e l o c i t y  ( P <  0 . 0 0 1 ) ,  a g e  and u ln a r  m otor  c o n d u c t i o n  v e l o c i t y  ( P <  0 . 0 5 )  , 
a ge  anu u l n a r  a m p l i tu d e  m usc le  a c t i o n  p o t e n t i a l  when s t i m u l a t i n g  a t  th e  
w r i s t  and a t  th e  e lb o w  ( P < O . O l ) .  ( T a b l e  No. 35 ) ( P a g e  2 1 2 ) .
The l e n g t h  o f  employment had been  found  c o r r e l a t e d  i n  t h e  r i g h t  
d i r e c t i o n ,  i n  the  e x p o s e d  grou p  w i t h  median m oto r  c o n d u c t i o n  v e l o c i t y  
( l ’ ^ O . O l )  a n d  w i th  m ed ian  p e r c e n t a g e  o f  a m p l i tu d e  e l b o w / w r i s t  ( P <  0 . 0 5 )  
( T a b l e  No. 3 5 ) .
No r i g h t  s i g n i f i c a n t  c o r r e l a t i o n s  '..ere found  among n e r v e  c o n d u c t io n  
v e l o c i t y  p a r a m e t e r s  and b i o c h e m ic a l  t e s t s  ( T a b l e  No .  3 5 ) .  T .ob le  No. 36 
(P a g e  213 ) sh ow s  t h a t  o n l y  f i v e  o f  the  p e r fo rm a n c e  v a r i a b l e s  a r e  r i g h t  
s i g n i f i c a n t l y  c o r r e l a t e d  w i th  some o f  n e r v e  c o n d u c t i o n  p a r a m e t e r s :  
maximum s l o p e  arm w i t h  median a m p l i tu d e  when s t i m u l a t i n g  a t  t h e  w r i s t  
(R <  0 . 0 5 )  i n  th e  e x p o s e d ,  f r e q u e n c y  arm w i t h  m edian  a m p l i t u d e  when 
s t i m u l a t i n g  a t  the  w r i s t  ( P <  O . 0 5 ) i n  tho  c o n t r o l s ,  r e a c t i o n  t im e  l e g  
w i t h  u ln a r  m o t o r  c o n d u c t i o n  v e l o c i t y  ( P < 0 . 0 5 )  in  t h e  c o n t r o l s  and w i th  
u ln a r  m oto r  c o n d u c t i o n  v e l o c i t y  ( P <  0 .0 5 )  i n  th e  c o n t r o l s ,  and w i t h  
u ln a r  p e r c e n t a g e  o f  a m p l i tu d e  e l b o w / w r i s t  ( P < o . O l )  in  t h e  e x jx j s e d ,  
maximum s l o p e  l e g  w i t h  median a m p l i tu d e  when s t i m u l a t i n g  a t  t h e  e lb o w  
( P <  0 . 0 5 )  i n  th e  e x p o s e d ,  r e a c t i o n  t im e  v i s u a l  w i t h  median  m o to r  
c o n d u c t io n  v e l o c i t y  ( l ’ * < O . O l ) ,  u l n a r  m otor  c o n d u c t i o n  v e l o c i t y  ( P < 0 . 0 5 ) *  
u ln a r  p e r c e n t  a g e  o f  a m p l i tu d e  e l b o w / w r i s t  ( P < 0 . 0 5 )  a l l  i n  t h e  e xp osed
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and w i th  u l n a r  m o to r  c o n d u c t io n  v e l o c i t y  (P < O .C > 5 )  i n  th e  c o n t r o l s .
As i t  can  b e  s e e n  in  T a b l e s  35 and 3 6 , no c o n s t a n t  r i g h t  
s i g n i f i c a n t  c o r r e l a t i o n  c o u ld  be found  b e tw een  a l l  n e r v e  c o n d u c t io n  
v e l o c i t y  p a r a m e t e r s  and a g e ,  l e n g t h  o f  em ploym en t,  b i o c h e m ic a l  t e s t s  
and p e r f o rm a n c e  t e s t s ,  t h e r e f o r e  no f u r t h e r  s t a t i s t i c a l  a n a l y s i s  was 
c o n s i d e r e d  n e c e s s a r y .
12. UI aCU-SSlON
12.1 I n t r o d u c t i o n
The p r im a r y  q u e s t i o n  wh ich  t h e  p r e s e n t  s tu d y  has  a t tem p ted  to  
answ er  i s  " d o  c h a n ges  i n  n e r v e  c o n d u c t io n  v e l o c i t y  r e s u l t i n g  from 
l e a d  ex joosure  p ro d u ce  a r e d u c t i o n  o f  f u n c t i o n a l  c a p a c i t y  as  i n d i c a t e d  
by th o  p e r fo rm a n c e  o f  s e l e c t s  b e h a v i o u r a l  t e s t a ? " .
i lepko and c o - w o r k e r s  in  1974 r e p o r t e d  th e  r e s u l t s  o f  a s i m i l a r  
s tu d y  t o  t h e  p r e s e n t  on e ,  in  w h ic h  th ey  s t u d i e d  human p e r fo rm a n ce  in  
r e l a t i o n  t o  b i o c h e m ic a l  ch a n ges .  The f a c t o r y  w o rk e r s  th e y  t e s t e d  had 
b l o o d  l e a d  l e v e l s  a b o ve  th o s e  fou n d  in  th e  p r e s e n t  s tu d y ;  a t h i r d  o f  
t h a t  group  had b l o o d  l e v e l s  a b o v e  70ug/‘,i and o n l y  t h i s  t h i r d  p r e s e n t e d  
•some ch a n ges  in  p e r fo rm a n c e .  The  n e r ve  c o n d u c t i o n  v e l o c i t y  was n o t  
t e s t e d .
F u l l e r t o n  and H a r r i s o n  ( 1 9 6 9 ) ,  C a t to n  e t  a l  ( 1 9 7 0 ) ,  S e n p a la in e n  e t  
a l  ( 19 7 2 ) ,  M o s t a fa  e t  a l  ( 1 9 7 2 ) ,  V a s i l e s c u  (1 9 7 5 )  and J o c th b y  (1974 )  
a l l  r e p o r t e d  s t u d i e s  o f  n e r v e  c o n d u c t i o n  v e l o c i t y  on w o rk e rs  w i tn  lo n g  
h i s t o r y  o f  e x p o s u r e  t o  l e a d .  T h e i r  s u b j e c t s  had a h igh  e xp osu re  to  
l e a d ,  w i th  a m a j o r i t y  above  80ug/?£. From T a b l e  3 (P a g e  5 6 )  i t  can be seen
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t h n t  F u l l e r t o n  (19 f<9 ) ,  C a t t o n  e t  a l  ( 1 9 7 0 ) ,  l i o s t a f f a  e t  a l  (1972 )  
and ¿Joothby (197 *0  d id  not f i n d  a s l o w in g  i n  m o to r  c o n d u c t i o n  v e l o c i t y  
b u t  d i d  f i n d  some o t h e r  e l e c t r o p h y s i o l o g i c a l  ch a n ges  such as  a low  
p e r c e n t a g e  o f  a m p l i tu d e  c l b o w / w r i s t  in  e xp osed  s u b j e c t s  o r  an i n c r e a s e  
o f  d i s t a l  l a t e n c y .  None o f  t h e s e  i n v e s t i g a t o r s  s tu d i e d  t h e  p e r fo rm a n c e  
o f  t h e i r  s u b j e c t s  ant! so  w e r e  n o t  in  a p o s i t i o n  to  r e l a t e  t h e i r  f i n d i n g s  
on n e r v e  c o n d u c t i o n  v e l o c i t y  t o  p e r fo rm a n c e .
The o n l y  s tu d y  i n  wh ich  t h e  b lo o d  l e a d  v a l u e s  a r e  s i m i l a r  t o  t h o s e  
f o u n d  in  th e  p r e s e n t  work i s  t h a t  o f  S e p p a la in e n  e t  a l  ( 1 9 7 5 )  who 
p e r f o r m e d  n e r v e  c o n d u c t io n  v e l o c i t y  on l e a d  e xp o se d  s u b j e c t s  and fou n d  some 
s l o w i n g  in  m o to r  c o n d u c t io n  v e l o c i t y  bu t  she d id  n o t  p e r f o r m  t e s t s  o f  
p e r  f  o rm ance .
Thus t h e r e  a p p ea rs  to  !>■=? no  in f o r m a t i o n  f rom  p u b l i s h e d  s t u d i e s  
i n v o l v i n g  a l l  t h r e e  c a t e g o r i e s  o f  t e s t 3 ,  b i o c h e m i s t r y ,  n e r v e  c o n d u c t io n  
v e l o c i t y  and p e r fo rm a n c e  o f  l e a d  exp osed  w o r k e r s .
l.ne o f  t h e  p rob lem s  in  t h e  p r e s e n t  s tu d y  was t o  d e f i n e  o r  
i d e n t i f y  th e  p o i n t ,  in  t e r n s  o f  b lo o d  l e a d  v a l u e s ,  b e lo w  w h ich  a d v e r s e  
c h a n g e s  in  p e r fo rm a n c e  and w e l l b e i n g  a r e  u n l i k e l y  t o  o c c u r .
The^l>ehavi o u ra l  s t u d i e s  on  f a c t o r y  w o rk e r s  which h a v e  been  r e p o r t e d  
in  t h i s  t h e s i s  a r e  open  t o  t h e  c r i t i c i s m  th a t  th e  work f o r c e  o f  e xp o se d  
and c o n t r o l  g ro u p s  w e re  n o t  c o m p a ra b le  i n  r e s p e c t  o f  a g e ,  l e n g th  o f  
employm ent and s o c i a l  b a c k g r o u n d ;  th e  work  f o r c e  may be s t r a t i f i e d  i n  
r e l a t i o n  t o  a b i l i t y  and l e a d  e x p o s u r e  and such s t r a t i f i c a t i o n ,  i f  i t  
d o e s  e x i s t ,  i s  g o in g  to  a f f e c t  tiio.se s t u d i e s  o f  b e h a v i o u r a l  e f f e c t  in  
w h ic h  b lo o d  l e a d  i s  around t h e  t h r e s h o l d .
K a ta  f rom  a t o t a l  o f  2 c6  i n d u s t r i a l  w o rk e r s  from  two d i f f e r e n t  l e a d
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b a t t e r y  f a c t o r i e s  were  c o m p i l e d  f o r  a n a l y s i s  in  t h i s  s t u d y .  The 
w o r k e r s  w e re  s e l e c t e d  on a v o l u n t a r y  b a s i s ,  th e  e x p o s e d  and c o n t r o l  
g r o u p s  w e re  m atched  f o r  s e x ,  a g e ,  r a c e ,  l e n g t h  o f  em p loym en t ,  w e i g h t ,  
h e i g h t  and e d u c a t i o n .  In  A p p en d ix  5 (P a g e  2 ^ 1 ) .  i t  c a n  be s e e n  t h a t  the  
p r e s e n t  s tu d y  s u b j e c t s  a r c  s i m i l a r  i n  terin3 o f  age  and l e n g t h  o f  exp osu re  
t o  s u b j e c t s  u s e d  in  s i m i l a r  s t u d i e s .
I f  th e  o b s e r v e d  ch a n ges  in  b i o c h e m ic a l  p a ra m e te r s  and n e r v e  c o n d u c t io n  
v e l o c i t y  a r e  i n d i c a t i v e  o f  a d v e r s e  e f f e c t s  on h e a l t h  and p e r fo rm a n c e  
i t  w ou ld  he e x p e c t e d  th a t  c o r r e l a t i o n s  s h o u ld  e x i s t  b e tw e e n  b io c h e m ic a l  
and n e r v e  c o n d u c t i o n  v e l o c i t y  c h a n ges  and p e r fo rm a n c e  t e s t s ;  th e  
c o r r e l a t i o n s  s h o u ld  l i e  i n  a p r e d i c t e d  d i r e c t i o n  as  c a n  be seen  i n  
A p p e n d ix  2 ( P a g e 2 3 0 ) • I n  v i e w  o f  th e  l a r g e  number o f  c o m p a r is o n s  th a t  
can  b e  made b e tw e en  b i o c h e m ic a l ,  n e u r o l o g i c a l  and b e h a v i o u r a l  p a ra m e te r s ,  
s i g n i f i c a n t  c o r r e l a t i o n s  a r e  g o in g  to  a p p ea r  by c h a n ce  a l o n e .  The 
c o r r e l a t i o n s ,  h o w e ve r ,  s h o u ld  show a c o n s t a n t  p a t t e r n  and t r e n d  i n  the 
e x p e c t e d  d i r e c t i o n  which  f i t s  th e  h y p o t h e s i s  t h a t  l e a d  e x p o su re  i n f l u e n c e s  
n e r v e  c o n d u c t i o n  v e l o c i t y  and b i o c h e m ic a l  p a ra m ete r s  and w i l l  p rodu ce  
a d e c r e m e n t  i n  p e r fo rm a n c e  a b i l i t y  and h e a l t h .
1 2 .2 .  C l i n i c a l  symptoms
A c o m p a r is o n  o f  s u b j e c t i v e  symptoms betw een  f a c t o r i e s  and w i t h i n  
f a c t o r i e s  has i n d i c a t e d  t h a t  both  e x p o se d  and c o n t r o l  s u b j e c t s  f rom  
K a c t o r y  I  a r e  more i r r i t a b l e  ant! n e r v y  than  s u b j e c t s  f r o m  F a c t o r y  I I .
In s o m n ia  and v e r t i g o  seem t o  a f f e c t  more o f  th e  e x p o s e d  g rou ps  o f  
F a c t o r y  1 ( T a b l e  12 -  P a g e  l 6 0 ) . The p ro b lem  w h ich  a r i s e s  in  ju d g in g
t h e s e  symptoms in  t h i s  g ro u p  o f  w o rk e r s  i s  t h a t  o f  a t t r i b u t i n g  them to
l
Fafle  218
lo a d  o r  t o  e n v i r o n m e n t a l  f a c t o r s  such as  n o i s e ,  v i b r a t i o n s ,  t e m p e r a tu r e ,  
d u s t ,  c a rb o n  m on ox ide  o r  t o  o th e r  f a c t o r s  such a s  d r i n k i n g  and sm ok in g .
To e x c l u d e  th e  e n v i r o n m e n ta l  f a c t o r s  a s im u l t a n e o u s  s tu d y  o f  th e  
en v iro n m en t  i n  b o th  f a c t o r i e s  s h ou ld  have  b een  p e r f o r m e d .  The f a c t  
t h a t  headache  seems t o  b e  e q u a l l y  d i s t r i b u t e d  i n  bot l i  f a c t o r i e s '  
p o p u la t i o n s  i s  an i n d i c a t i o n  th a t  e i t h e r  e n v i r o n m e n t a l  f a c t o r s  o r  l e a d  
i s  i n v o l v e « ' ,  and n o t  th e  d r in k in g  and smoking w h ic h  b o th  ap p ea r  more 
h e a v i l y  in  F a c t o r y  I  compared t o  F a c t o r y  IJ  ( T a b l e s  13 & 14 -  F a g e s  162 
& 1;>3) • Symptoms such as  numbness in  arms and l e g s ,  d i f f i c u l t y  i n  ru n n in g  
and w a lk in g ,  g r a s p in g  anil l i f t i n g  o b j e c t s  a f f e c t  th e  e x p o s e d  w o r k e r s  in  
n e a r l y  e qu a l  numbers in  b o th  f a c t o r i e s .  In  j u d g i n g  t h e s e  symptoms th e  
i n c i p i e n t  p e r i p h e r a l  n eu ropa th y  shou ld  be ta k en  i n t o  a c c o u n t ;  had th e  
n e r v e  c o n d u c t i o n  v e l o c i t y  p a ra m ete r s  shown s i g n i f i c a n t  d i f f e r e n c e s  
b e tw een  e x p o s e d  and c o n t r o l s  ir. b o th  f a c t o r i e s  • s i g n i f i c a n t  c o r r e l a t i o n s  
w i t h  b i o c h e m ic a l  p a ra m e te r s  th e s e  symptoms s h o u ld  have b een  a t t r i b u t e d  
t o  an i n c i p i e n t  n eu ro p a th y ;  in  v i e w  o f  the  s m a l l  ch a n ges  found  i n  n e r v e  
c o n d u c t io n  t e s t s  th e s e  symptoms a r e  no t  c o n s t d e r e i i  t o  bo  a s s o c i a t e d  w i t h  
a n eu ro p a th y .
1 2 .3 .  U iochem i c a l  t e s t s
As i t  was m e n t io n ed ,  a p a t t e r n  o f  s i g n i f i c a n t  e x p e c t e d  c o r r e l a t i o n s  
shou ld  em erge  b e f o r e  an a s s o c i a t i o n  between  b i o c h e m i c a l  t e s t s  and 
p e r fo rm o n ce c a n  be  c o n s id e r e d  to  have  been u e n n n a t r a t e d .
Out o f  19 v a r i a b l e s  a n a ly s e d  f o r  c o r r e l a t i o n s  b l o o d  l e a d  -  p e r f o rm a n c e ,  
l e a d  in  b l o o d  i s  o n ly  c o r r e l a t e d  w i t h  o n e - h o l e  t e s t  t im e  f o r  p o s i t i o n i n g  
th e  p in s  in  F a c t o r y  1 and f r e q u e n c y  l e g  in  F a c t o r y  I I .
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S i m i l a r l y  u r i n a r y  l e a d  and a m i n o - l e v u l i n i c  a c i d  f a i l e d  t o  p roduce  
a  s y s t e m a t i c  r e l a t i o n s h i p  w i t h  p e r fo rm a n c e  measurements  o r  n e r v e  
c o n d u c t i o n  v e l o c i t y .  U r i n a r y  l e a d  i s  c o r r e l a t e d  s i g n i f i c a n t l y  w i t h  o n ly  
3 o u t  o f  19 v a r i a b l e s  o f  p e r fo rm a n c e  (maximum s l o p e  l e g  U v i s u a l  and g r i p  
s t r e n g t h )  and o n l y  i n  w o rk e r s  from F a c t o r y  11. T h e re  w e r e  no c o r r e l a t i o n s  
b e tw e e n  ur in ;u *y  l e a d  and n e r v e  c o n d u c t i o n  v e l o c i t y  v a r i a b l e s  ( T a b l e  35 -  
P a g e  2 1 2 ) .
Out o f  19 p e r fo rm a n c e  v a r i a b l e s ,  a m i n o - l e v u l i n i c  a c i d  i n  u r i n e  o n ly  
c o r r e l a t e s  w i t h  one ( t a p p i n g  d o u b le  p l a t e s  6 o "  -  b r i d g e  h i t s )  i n  F a c t o r y  
I ;  no c o r r e l a t i o n  c o u ld  be  f i n d  w i t h  n e r v e  c o n d u c t io n  v e l o c i t y  ( T a b l e  3 5 ) .
R e s u l t s  s i m i l a r  t o  t h e s e  o b t a in e d  i n  the  p re  e n t  s tu d y  f o r  th e  
tw o  u r in e  m easures  h a v e  b een  r e p o r t e d  b y  llepko e t  a l  ( 1 9 7 ^ )  and 
A r c h i b a l d  ( 1 9 7 6 ) .
1 2 . 4 .  1 e r  f o r  nance * .»-s t  s
Tile p e r f o rm a n c e  t e s t s  em ployed  in  t h i s  s tu d y  a t t e m p te d  t o  d e t e rm in e  
i f  o c c u p a t i o n a l  e x p o s u r e  t o  l e a d  has an a f f e c t  on i n t e l l e c t  ( a d d in g  t e s t ) ,  
n e u ro m u s c u la r  f u n c t i o n s ,  p sych om oto r  t e s t  such as  r e a c t i o n  t im e ,  g r i p  
s t r e n g t h ,  en d u ran ce ,  t a p p in g  speed ,  e y e -h a n d  c o o r d i n a t i o n  ( o n e - h o l e  t e s t )  
an d  t r e m o r .
The p e r fo rm a n c e  has  b een  c o r r e l a t e d  w i th  b i o c h e m ic a l  t e s t s ,  a g o ,  
l e n g t h  o f  em p loym en t ,  w e i g h t ,  h e i g h t  and w i th  n e r v e  c o n d u c t i o n  v e l o c i t y .
In  e v a l u a t i n g  t h e s e  r e s u l t s  i t  must be bo rne  in  mind t h a t  some 
t e s t s  may be r e l a t e d  and t h e r e f o r e  g i v e  s i m i l a r  r e s u l t s .  F o r  exam p le ,  
t h e r e  arm s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s  b e tw e en  th e  a d d in g  t e s t  -  
t i m e  t o  p e r f o r m  and th e  a d d in g  t e s t  — number o f  e r r o r s  ( . 1=0 . 28 ) ,  t a p p in g  
s i n g l e  p l a t e  60"  -  number o f  taps  and ta p p in g  d o u b le  p l a t e s  60"  -  number 
o f  l a t c h e s  ( 11- 0 . 30 ) ,  v i s u a l  r e a c t i o n  t im e  and arm r e a c t i o n  t im e  (H = O .3 0 ) ,
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but none o f  t h e s e  c o r r e l a t i o n s  i s  v e r y  l a r g e .  Some u n r e la t e d  
c o r r e l a t i o n s  a l s o  a p p e a r e d ,  as w i t h  a d d in g  t e s t —t im e  t o  p e r fo rm  an d  ta p p in g  
s i n g l e  p l a t e  fiO" -  number o f  t a p s  ( l t = O .3 0 ) ,  ad d in g  t e s t  -  number o f  
e r r o r s  and arm r e a c t i o n  t im e  ( i l = u .2 5 )  , but a g a in  th ey  a r e  no t  v e r y  l a r g e .
From th e  s tu d y  o f  c o r r e l a t i o n s  b e tw een  b io c h e m ic a l  t e s t s  ( b l o o d  
l e a d ,  u r i n a r y  l e a d  and and p e r fo rm a n c e  t e s t s  i t  was r e v e a l e d  th a t
no c o r r e l a t i o n  c o u ld  be found b e tw e e n  th e s e  g rou ps  o f  t e s t s  ( T a b l e  20)
(P a g e  1 7 3 )*  T h i s  f i n d i n g  i s  s i m i l a r  w i t :  t h a t  o f  Hepko i t  a l  ( 1 9 7 4 )  
who found  no d o s e  r e s p o n s e  r e l a t i o n s h i p  f o r  b io c h e m ic a l  and p e r f o r m a n c e  
t e s t s .
The a s s o c i a t i o n s  b etw een  p e r f o rm a n c e  and p h y s i c a l  c h a r a c t e r i s t i c s  
( a g e ,  w e i g h t ,  h e i g h t  and l e n g th  o f  em ploym en t)  ( T a b l e  21) Page  1 7 5 )  
i n d i c a t e d  th a t  p e r fo rm a n c e  t e s t s  s u ch  as one h o l e  -  number o f  p i n s ,  
r e a c t i o n  t im e  arm, l e g  and v i s u a l ,  showed c o n s i s t e n t  and s t a t i s t i c a l l y  
s i g n i f i c a n t  c o r r e l a t i o n s  w i th  a g e ,  w h i l e  g r i p  s t r e n g t h ,  maximum s l o p e  
to  l e g  and v i s u a l  s t im u lu s  showed c o n s t a n t  s t a t i s t i c a l l y  s i g n i f i c a n t  
c o r r e l a t i o n s  w i t l i  b o th  age  and w e i  h t i  the  maximum s l o p e  a c h i e v e « !  
in  r e s p o n s e  t o  an arm s t im u lu s  showed  s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s  
w i th  a g e ,  w e i g h t  and h e i g h t .  I t  can  b e  con c lu d ed  from th e  ab ove  f i n d i n g s  
th a t  the. t e s t s  a r e  t h e r e f o r e  s u f f i c i e n t l y  s e n s i t i v e  t o  i u e n t i f y  t h e  
e x p e c t e d  e f f e c t s  o f  a g e ,  w e i g h t  and h e i g h t .
i lepko  e t  a l  ( I 9 7 ;i )  r e p o r t e d  i n  t h e i r  s tudy  th a t  th e  age  and l e v e l  
o f  e d u c a t i o n  c o n t r i b u t e , !  s i g n i f i c a n t l y  t o  th e  o b s e r v e d  l e v e l s  o f  
p e r fo rm a n c e  i . e .  acje was a s i g n i f i c a n t  p r e d i c t o r  o f  c r i t e r i o n  on  s c o r e s  
on b l i n k i n g  l i g h t s  and b o th  age  and l e v e l  o f  e d u c a t io n  w ere  s i g n i f i c a n t
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f a c t o r s  f o r  most o f  a r i t h m e t i c  c o m p u ta t io n  m easu res .
L e n g th  o f  e m p lo ym en t  showed a  c o n fu s e d  p i c t u r e  when a n a l y s e d  in  
r e l a t i o n  w i t h  p e r f o r m a n c e ,  t h e r e f o r e  i t  was a n a ly s e d  in  r e l a t i o n  w i th  
age  by  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  and was found t o  he s t a t i s t i c a l l y  
s i g n i f i c a n t l y  r e l a t e d  t o  t a p p in g  s i n g l e  p l a t e  6 o "  -  number o f  t a p s ,  
r e a c t i o n  t im e  arm and v i s u a l  i n  F a c t o r y  I  e x p o s e d .  None o f  t h e  p a r t i a l  
r e g r e s s i o n  c o e f f i c i e n t  was s t a t i s t i c a l l y  s i g n i f i c a n t  in  F a c t o r y  I I  
e xp o sed  ( T a b l e  2 8 )  (  P a g e  1 8 9 ) .
The a s s o c i a t i o n s  b etw een  p e r f o rm a n c e  and n e r v e  c o n d u c t i o n  v e l o c i t y  
w e re  e x p e c t e d  t o  show  a d e f i n i t e  p a t t e r n  i . e .  the  maximum m o to r  c o n d u c t io n  
v e l o c i t y  and th e  p e r c e n t a g e  o f  a m p l i t u d e  e l b o w / w r i s t  in  u ln a r  and median 
n e r v e s  w ou ld  be c o r r e l a t e d  s i g n i f i c a n t l y  w i t h  th e  m a j o r i t y  o f  p e r fo rm a n c e  
t e s t s .  As T a b l e  36  ( P a g e  213 ) show s,  no c o n s t a n t  s i g n i f i c a n t  c o r r e l a t i o n  
p a t t e r n  em erges  f o r  t h e  F a c t o r y  11 p e o p l e .  Thus i t  can be c o n c lu d e d  
th a t  th e  r e s u l t s  o b t a i n e d  do n o t  i n d i c a t e  t h a t  a s lo w ed  n e r v e  c o n d u c t io n  
v e l o c i t y  o f  th e  m a g n i tu d e  found  i n  b o th  g ro u p s  o f  f a c t o r y  w o r k e r s  ( T a b l e s  
32 and 3 3 )  ( P a g e s  207  and 209 ) i s  a s s o c i a t e d  w i th  any  d e c re m en t  in  
p e r fo rm a n c e ;  n e r v e  c o n d u c t i o n  v e l o c i t y  low  w i t h  1 . 4 —2 n / se c .  a r e  o f  
d o u b t fu l  v a l u e  i n  d e t e r m i n i n g  t h r e s h o l d  l i m i t  v a lu e s  o f  l e a d .  A s tudy 
o f  p e o p l e  w i t h  p e r i p h e r a l  n e u ro p a th y  o f  o t h e r  e t i o l o g y  than l e a d  and 
w i t h  l a r g e  n e r v e  c o n d u c t i o n  c h a n g es  ( lO -1 5 m / s e c . ) and t e s t e d  f o r  
p e r fo rm a n c e  s h o u ld  h e l p  t o  c l a r i f y  th e  v a l u e  o f  n e r v e  c o n d u c t i o n  v e l o c i t y  
chan ges  in  r e l a t i o n  t o  p e r f o r m a n c e .
One o f  th e  m o s t  s e n s i t i v e  p sy ch o m o to r  t e s t ,  t r e m o r ,  t e s t e d  f o r  
th e  f o u r  t y p e s o f  t r e m o r ,  d i d  n o t  b r i n g  more p o s i t i v e  f i n d i n g s  f o r  the
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l o a d  e xp osed  o r  cu p s .  In  F i g u r e s  4 l - 4 4  ( I ’a ijcs 2 03 -206 )  i t  can be seen
t h a t  v i r t u a l l y  no s i g n i f i c a n t  d i f f e r e n c e s  ap p ea r  to  s u s t a i n  th e  p o in t  
o f  f i n d i n g  more amount o f  t r e m o r  in  e x p o s e d  than  i n  c o n t r o l s .  In d e e d ,  
th e  l a r g e  amount o f  d a t a  c o l l e c t e d  f o r  th e  f o u r  t r e m o r s  shou ld  be 
a n a ly s e d  i n  a s e p a r a t e  work , i n  s e a r c h  o f  p o s i t i v e  f i n d i n g s .
1 2 . 4 . 1 .  ¿ ¿va lu a t ion  o f  p er fo rm a n ce  t e s t s  used  in  th e  p r e s e n t  s tudy
The s i x  p e r f o rm a n c e  t e s t s  used  i n  t h i s  s tu d y  (A d d in g ,  T a p p in g ,  
O n e -h o le ,  d e a c t i o n  t i m e ,  G r ip  s t r e n g t h  and ¡endurance) p roved  t o  be 
r e p e a t a b l e ,  a c c e p t a b l e  and p r a c t i c a l .  
i l i -peatab  i l i  t y
Out o f  19 v a r i a b l e s  a n a ly s e d  from  th e  s i x  p e r fo rm a n c e  t e s t s ,
12 w e re  fou n d  no t  s t a t i s t i c a l l y  s i g n i f i c a n t  b etween  g ro u p s ;  in
th e  ab s en c e  o f  c h a n g e s  du.- t o  a t o x i c  s u b s t a n c e ,  in  t h i s  in s t a n c e  l e a d ,
t h e  r u . 'U l  t s  came s i m i l a r  a n d  a  d i f f e r a n e  c - m l d  n o t  b e  d e t e c t e d *
I n  s p i t e  o f  t l ie  f a c t  t h a t  th e  t e s t s  w e r e  c a r r i e d  out a t  a d i f f e r e n c e  o f  
s i x  months between  f a c t o r i e s ,  th e  r e s u l t s  w ere  s i m i l a r .
The s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  o b t a in e d  f o r  th e  o th e r  
7 v a r i a b l e s  ( t a p p i n g  d ou b le  p l a t e  6( "  -  no . o f  b r i d g e  h i t s ,  t a p p in g  
s i n g l e  p l a t e  6u" -  n o .  o f  t a p s  -  o n l y  f o r  e x p o s e d ,  one h o l e - g r a s p  t im e ,  
r e a c t i o n  t im e  arm and v i s u a l ) , an e x p l a n a t i o n  f o r  l a c k  o f  r e p e a t a b i l i t y  
o f  r e s u l t s  c o u ld  be g i v e * '  by the  m o t i v a t i o n  f o r  p e r f o r m in g  b e t t e r  o r  
w o r s e ;  a n o th e r  p o s s i b i l i t y  i s  th e  d i f f e r e n c e  o f  e n v i r o n m e n ta l  c o n d i t i o n s  
o f  e x p e r im e n t  b e tw een  f a c t o r i e s  i . e .  F a c t o r y  I I  a l l o c a t e d  a s m a l l e r  room 
f o r  t e s t i n g  which w as  l o c u t e d  n e a r  a com pu te r  wh ich  som et im es  produced  
n o i s e  when o p e r a t e d .
The r e p e a t a b i l i t y  o f  t e s t s  was a l s o  found  when th e  r e s u l t s  o b t a in e d
f ro m  the  TUC I n s t i t u t e  o f  O c c u p a t io n a l  h e a l t h  p i l o t  p o p u la t i o n  w e re
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c o m p a r e d  w i t h  t h o s e  o f  o f f i c e  w o r k e r s  f a c t o r y  I ,  t a k e n  a s  t h e  g r o u p  t o  
n a t c h  t h e  p i l o t  s u b j e c t s ,  ( A p p e n d i x  6  )
A c c e p t a b i 1 i  t y
T h e  a c c e p t a b i l i t y  o f  p e r f o r m a n c e  t e s t s  v a s  p r o v e d  b y  t h e  g o o d  
r e s p o n s e  f r o m  t h e  s u b j e c t s  i n  c o m i n g  t o  b e  t e s t e d  w i t h o u t  r e s e n t m e n t )  
o n  t h e  c o n t r a r y ,  t h e y  w e r e  v e r y  e a g e r  t o  p e r f o r i n  a t  t h e i r  b e s t  
p o s s i b i 1 i t i e s , a n d  t h i s  c o u l d  b e  s e e n  i n  t h e  t e n d e n c y  o f  some t e s t s ,  
s u c h  «as r e a c t i o n  t i m e ,  g r i p  s t r e n g t h  and  e n d u r a n c e ,  t o  b e  b e t t e r  i n  e x p o s e d  
t i i a n  c o n t r o l s .
T h e  t e s t s  w e r e  n o t  t i m e  c o n s u m i n g ,  s o  t h a t  t h e  m a n a g e m e n t  o f  b o t h  
f a c t o r i e s  a g r e e d  i n  c a r r y i n g  o u t  t h e  p r e s e n t  s t u d y  i n  w o r k i n g  t i m e ,  
a n d  t h i s  w a s  a l s o  c o n v e n i e n t  f o r  t h e  w o r k e r ,  w h o  d i d  n o t  n e e d  t o  s p e n d  
h i s  f r e e  t i m e  f o r  t h e  t e s t s .
b e c a u s e  no d r a s t i c  p r o c e d u r e  \ . a v  u s e d  i n  t e s t i n g  ( i . e .  h i g h  v o l t a g e ,  
t o o  m an y e l e c t r i c a l  s t i m u l i ,  n e e d l e  e l e c t r o d e s )  t h e  w o r k e r s  d e c l a r e d  t h a t  
th-  y  e n j o y e d  p a r t i c i p a t i n g  i n  t h i s  e x p e r i m e n t ,  and  a s k e d  many q u e s t i o n s  
r e l a t e d  t o  t h e  t e s t i n g  p r o c e d u r e s .  
l ’r a c t i c a b i  1 i t y
T h e  e q u i p m e n t  u s e d  c a n  b e  e a s i l y  t r a n s p o r t e d  t o  d i f f e r e n t  w o r k i n g  
p l a c e s .  O n c e  a  b a t t e r y  o f  p e r f o r m a n c e  t e s t s  i s  c o l l e c t e d ,  i t  c a n  b e
u s e d  i n  t e s t i n g  g r o u p s  o f  p e o p l e  e x p o s e d  t o  m a n y  t o x i c  s u b s t a n c e s ,  s u c h  
a s  s o l v e n t s ,  a l c o h o l s ,  h e a v y  m e t a l s  e t c .
O p e r a t i n g  t h e  t e s t s  i s  a  c l e a n  p r o c e d u r e  w h i c h  d o e s  n o t  i n v o l v e  t h e  
u s e  o f  c h e m i c a l  r é a c t i v é s  o r  e x p e n s i v e  m a t e r i a l s  -  o n l y  g r a p h  p a p e r  and
P o l a r o id  photographs l
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12•5• Ne r v e  c o m lu c t i o n  v e l o c i t y
The p a ra m e t e r s  o b t a in e d  f rom  n e r v e  c o n d u c t io n  v e l o c i t y  s tu d y  
( T a b l e  33 ) ( i ’ u g e  209) have  been a n a ly s e d  f o r  a s s o c i a t i o n s  w i t h  
b io c h e m ic . i l  p a ra m e te r s  ( T a b l e  3 5 )  (P a g e  2 12 )  and w i t h  p e r fo rm a n c e  
p a ra m e te r s  ( T a b l e  ¿6) (P a g e  2 1 3 ) «
The m ason  f o r  p e r fo rm in g  t h e  a n a l y s i s  o n ly  in  f a c t o r y  I I  w o r k e r s  -  
e xp o se d  and c o n t r o l s  h a . e  been e x p l a in e d  in  c h a p t e r s  lO ,  S e c t i o n s  1 0 . 2 .  
and C h ap te r  11 S e c t i o n  1 1 .6 .
The r e s u l t s  in  mean motor c o n d u c t i o n  v e l o c i t y  f o r  th e  u l n a r  and 
m edian  n e r v e s  in  dominant f o r e a rm  seem t o  he v e r y  s i m i l a r  i n  F a c t o r y  I  
( T a b l e  y?.) ( P a g e  20? )  and in  F a c t o r y  I I  ( T a b l e  33 )  (P a g e  2 09 )  ;
A r c h ib a ld  ( 1 9 7 6 )  r e p o r t e d  a mean d i f f e r e n c e  o f  2.2m/'s“ c .  f o r  u ln a r  
b e tw een  e x p o s e d  and c o n t r o l s  i n  F a c t o r y  I  and th e  d i f f e r e n c e  found  i n  
F t t c to r y  11 was  1.9m/sec. ; f o r  median  n e r v e  A r c h ib a ld  r e p o r t e d  a d i f i e r u n c e  
i n  means b e tw e en  F a c t o r y  I exp o sed  and c o n  r o l s  o f  l . ^ m / s e c .  and th e  
d i f f e r e n c e  fo u n d  in  F a c t o r y  I I  was l . 'n n / s e c .  The f i g u r e s  p r e s e n t e d  b y  
A r c h ib a ld  ( 1 9 7 6 )  come to  be s t a t i s t i c a l l y  s i g n i f i c a n t  ( P ^ O .O C C 5 )  f o r  
u ln a r  and ( P ^ O . O l )  f o r  median i n  F a c t o r y  I  w h i l e  i n  F a c t o r y  I I  th e  
" t "  t e s t  d id  n o t  come s i g n i f i c a n t  duo t o  l e s s  number o f  p e o p l e  t e s t e d  
th an  th a t  o f  F a c t o r y  I .
I t  i s  i n t e r e s t i n g  t o  n o te  t h e  n e g a t i v e  f i n d i n g ,  in  te rm s  o f  
s t a t i s t i c a l  s i g n i f i c . i n c e  o f  th e  most s e n s i t i v e  in d e x  -  th e  p e r c e n t a g e  
a m p l i tu d e  e l b o w / w r i s t  ( F u l l e r t o n  and i l a r r i s o n  19&9! , C a t to n  e t  a l  1970,  
S e p p a la in e n  e t  a l  19?2, 1975) o s  a m easure  o f  v e l o c i t y  o f  s l o w  f i b r e s ,  
i n  both f a c t o r i e s  ( T a b l e s  32 and 33) ( P a g e s  2C7 and 2 0 9 ) .
The a s s o c i a t i o n s  between  n e r v e  c o n d u c t io n  v e l o c i t y  p a ra m e t e r s  and  
b io c h e m ic a l  t e s t  showed no s t a t i s t i c a l  s i g n i f i c a n t  c o r r e l a t i o n s  ( T a b l e  
3 5 )  (P a g e  2 1 2 )  in  F a c t o r y  I I  and t h i s  i s  s i m i l a r  t o  A r c h ib a ld  (1 9 7 6 )
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r e p o r t  f o r  F a c t o r y  I .  A l s o ,  t h i s  i s  s i m i l a r  t o  o t h e r  r e s u l t s ,  such  
a s  C a t t o n  e t  a l . ( 197t>)and a e p p a l a in e n  e t  a l  ( 1 9 7 2 , 1 9 7 5 ) ,
A s s o c i a t i o n s  b e tw een  n e r v e  c o n d u c t io n  v e l o c i t y  p a r a m e t e r s  and 
a g e  showed s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s  in  t h e  F a c t o r y  I I  
e x p o s e d  g ro u p s  ( T a b l e  35 )  f o r  both  n e r v e s ;  t h i s  i s  a s i m i l a r  r e s u l t  
w i t h  A r c h i b a l d  (1 9 7 6 )  in  F a c t o r y  I  who r e p o r t e d  d e c r e a s e s  i n  m o to r  
c o n d u c t i o n  v e l o c i t y  as  th e  a g e  i n c r e a s e s ,  and w i t h  r e s u l t s  o f  Thomas 
and Lam bert  ( i 960 ) ,  l/agman & L ease  ( 1 9 5 2 ) ,  N o r r i s  e t  a l  (1 9 5 5 )  and 
S e p p a l a in e n  e t  a l  ( 19 7 5 ) »
L e n g th  o f  e x p o s u r e  showed a t en d en cy  to w a rd s  s i g n i f i c a n t  c o r r e l a t i o n s  
w i t h  median  p a ra m e te r s  in  e x p o s e d  F a c t o r y  I I  but n o t  f o r  th e  u l n a r  n e r v e ;  
t h i s  c o n e s  c o n t r a r y  t o  A r c h i b a l d  ( 10 76 ) f i n d i n g  in  F a c t o r y  I ,  who 
r e p o r t e d  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  u ln a r  p a r a m e t e r s ,  but n o t  w i t h  
m ed ian  p a r a m e t e r s .
13. CONCLUSION
The p r e s e n t  s tu d y  o f  p e r f o r m a n c e ,  n e u r o p h y s i o l o g i c a l ,  b i o c h e m i c a l ,  
s u b j e c t i v e  c l i n i c a l  sym ptom s, b e h a v io u r ,  i n d i c a t e d  t h a t  in  o c c u p a t i o n a l l y  
l e a d  e x p o s e d  p e o p l e  o v e r  a  b l o o d  l e a d  ra n g e  o f  13_ 7 9 u g/ lO t )m l , a d o s e  
r e s p o n s e  r e l a t i o n s h i j j  b e tw e e n  p e r fo rm a n c e ,  n e r v e  c o n d u c t i o n  v e l o c i t y ,  
u r i  n a ry  l e a d  and ALA c o u l d  not be e s t a b l i s h e d .
The ch a n ges  in  n e r v e  c o n d u c t i o n  v e l o c i t y  s t a t i s t i c a l l y  s i g n i f i c a n t  
i n  one F a c t o r y  but n o t  i n  th e  o th e r  w e re  n o t  b i g  enou gh  t o  c o r r e l a t e  
w i t h  b i o c h e m ic a l  o r  p e r f o rm a n c e  t e s t s .
In  v i e w  o f  th e  ab ove  f i n d i n g s ,  i t  can b e  c o n c lu d e d  th a t  t h e r e  i s  no 
e v i d e n c e  t h a t  b lo o d  l e a d  v a l u e s  up t o  79ug/lOOml, a r e  a s s o c i a t e d  t o  
d e c r e m e n t a l  changes  i n  p e r f o r m a n c e .
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r e p o r t  f o r  F a c t o r y  I .  A l s o ,  t h i s  i s  s i m i l a r  t o  o t h e r  r e s u l t s ,  such 
as  C a t t o n  e t  a l . ( 1 9 7 o ) n n d  i e p p a l a i n e n  e t  a l  (1 9 7 2 ,1 9 7 5 ) .
A s s o c i a t i o n s  between  n e r v e  c o n d u c t io n  v e l o c i t y  p a ra m e te r s  and 
age  showed s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s  i n  th e  F a c t o r y  I I  
exposed  g r o u p s  ( T a b l e  35) f o r  b o th  n e r v e 3 j t h i s  i s  a s i m i l a r  r e s u l t  
w i th  A r c h i b a l d  (1 9 7 6 )  in  F a c t o r y  I  who r e p o r t e d  d e c r e a s e s  i n  motor 
c o n d u c t i o n  v e l o c i t y  as  the a g e  i n c r e a s e s ,  and w i t h  r e s u l t s  o f  Thomas 
anil L am b e r t  ( i 960) ,  Wagman & L e s s e  ( 1 9 5 2 ) ,  N o r r i s  e t  a l  (1 9 5 5 )  and 
i i e p p a la in e n  e t  a l  ( 19 7 5 ) *
L e n g t h  o f  exposure  showed a ten den cy  tow ards  s i g n i f i c a n t  c o r r e l a t i o n s  
w i th  median p a ra m ete r s  in  e x p o s e d  F a c t o r y  I I  but n o t  f o r  t h e  u ln a r  n e r v e ;  
t h i s  corat'S c o n t r a r y  t o  A r c h ib a ld  (1^76 ) f i n d i n g  in  F a c t o r y  I ,  who 
r e p o r t e d  s i g n i f i c a n t  c o r r e l a t i o n  w i th  u ln a r  p a ra m e te r s ,  b u t  n o t  w i t h  
median p a r a m e t e r s .
13. CONCLUSION
The p r e s e n t  s tu d y  o f  p e r f o rm a n c e ,  n e u r o p h y s i o l o g i c a l ,  b i o c h e m i c a l ,  
s u b j e c t i v e  c l i n i c a l  symptoms, b e h a v io u r ,  i n d i c a t e d  th a t  i n  o c c u p a t i o n a l l y  
l e a d  e x p o s e d  p e o p le  o v e r  a b l o o d  len d  r a n g e  o f  1 3 “ 79ug/lOOml. a d o s e  
r e sp o n se  r e l a t i o n s h i p  between  p e r fo rm a n c e ,  n e r v e  c o n d u c t io n  v e l o c i t y ,  
u r i n a r y  l e a d  and ALA c o u l d  not be e s t a b l i s h e d .
The c h a n g es  in  n e r v e  c o n d u c t i o n  v e l o c i t y  s t a t i s t i c a l l y  s i g n i f i c a n t  
in  one F a c t o r y  but n o t  in  th e  o th e r  w e re  no t  b i g  enough t o  c o r r e l a t e  
w i th  b i o c h e m ic a l  o r  p e r fo rm a n c e  t e s t s .
In  v i e w  o f  th e  above  f i n d i n g s ,  i t  c an  be c on c lu d ed  t h a t  t h e r e  i s  no 
e v id e n c e  t h a t  b lo o d  l e a d  v a l u e s  up t o  79 ug/lOOml.  a r e  a s s o c i a t e d  t o  
d e c r e m e n t » !  changes in  p e r fo rm a n c e .
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File v a r i a b l e s  e n t e r e d  in  t i i e  punched c a r d s ,  
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1. Age ( y  a r s )
2 .  W e ig h t  ( k g . )
3 « . ¡ e i g h t  ( c m .  )
4 .  L e n g th  o f  em ploym ent ( y e a r s )
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5 «  b lo o d  l e a d  (u g / lO o m l . )
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7 .  Amin o - l e v u l i n i c  a c i d  in  u r in e  ( r a g / l i t r e )
P e r f o r m a n c e  t e s t s  -
. Adding t o s t  -  time t o  perform  (minutes/
9 .  A d d in g  t e s t  -  number o f  e r r o r s
1C». one  h o l e  t e s t  -  i.nn' ./ov o f  p in s  i n s e r t e d  in  th e  f i r s t  3t> s e c . l o w e s t
11. II h ig h e s t
12. II 6uM sec . 1o w e s t
13. II ti h i g h e s t
14 . II th e  s ev en t r i a l s  -  t o t a l
15-
II it l o v e s
1 6 . !» tt h ighe:
17. One h o l e t e s t  - t im e  c o r r e s p o n d in g t o th e g r a s p  ( s e c ) -  t o  t i l l
18 . it it l o w e s t
19. m
tt h ig h e s t
20. One 1 io 1 e t e s t  - t im e  c o r r e s p o n d in g t o the p o s i t i o n  ( s e c . )  t o t a l
21 l o w e s t
1-aye x iv
23» T a p p in g  d o u b le  p l a t e s ,  IO s e c .  t r i a l ,  number o f  l e f t  p l a t e  taps
24. tt r i y h t  "
25. it l a t c h e s
26 . tt b r i d g e  h i t s
27. i.O l e f t  p l a t e  ta p s
COCM ti r i g h t
29 . if l a t c h e s
30. n b r i d g e  h i t s
3 1 . 60 l e f t  p l a t e  ta p s
32 . 11 r i g h t
33 . 11 1 a t c l i e s
34. ti b r i d g e  h i t s
3 5 . T a p p in g  s i n g l e  p l a t e , IO s ec * t r i a l  number o f  taps
;>i> • n •iO If
3 7 . ti 60 tl
33. R e a c t i o n  t im e ,  arm, v o l t s  f o r  s t i m u l a t i o n
39. R e a c t i o n  t im e  arm 1 t r i a l  ( m i l l i s e c . )
40. •' XI "
41. "  H I  "
42.
3.
kU.
‘*5.
"  mean o f  t h r e e  t r i a l s .
Haximuin s l o p e  ¿»rr:i 1 t r i a l  ( v o l t s )
"  XI "
11 x x l  "
46. 
47• 
43. 
49.
•1
F re q u en c y  arm 
11 
11
mean o f  t h r e e  t r i a l s
I  t r i a l  ( h e r t z )
I I
I I I  "
50 mean o f  th ree t r i a l s
Paye xv
5 1 .  R e a c t i o n  t im e 1*9* v o l t s  f o r  s t i m u l a t i o n
5 2 .  R e a c t i o n  t im e l e g  I  t r i a l  ( m i l l i s e c . )
53- I I  »
5 4 .  •• I I I  "
5 5 .  " mean o f  t h r e e  t r i a l s
5 6 . Maximum s l o p e  l e g  I  t r i a l  ( v o l t s )
5 7 .  " M M
5Ü. " h i  "
5 0 .  " mean o f  t h r e e  t r i a l s
6 0 .  F r e q u e n c y  l e g ,  I  t r i a l  ( H e r t z )
6 l . " I I  ”
6 2 .  " I I  "
6 3 . " mean o f  t h r e e  t r i a l s
6 4 .  R e a c t i o n  t im e  v i s u a l  1 t r i a l  ( m i l l i s c . )
6 5 . " 11 "
6 6 . « I I I  "
6 7 . » mean o f  t h r e e  t r i a l s
6 8 . Máximum s l o p e  v i s u a l ,  1 t r i a l  ( v o l t s )
G y . " 11  »
7 0 . " i n  "
7 1 . " mean o f  t l r r e e  t r i a l s
7 2 .  F r equ en cy  v i s u a l  1 t r i a l  ( H e r t z )
7 3 .  " I I  "
7 4 .  " I I I  "
7 5 . mean o f  t l i r e e  t r i a l s
7 6 . G r ip  s t r e n g t h  ( k g )
7 7 « linclurance ( s e c . )
N e r v e  c o n d u c t i o n  v e l o c i t y  —
7H. Ulnar* n e r v e  -  m otor  c o n d u c t i o n  v e l o c i t y  (M e t r e s / s o c o n d )
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79« U ln a r  n e r v e  -  a m p l i tu d e  e lb o w  ( m i l l i v o l t s )
8u. "  -  a m p l i tu d e  w r i s t  ( m i l l i v o l t s )
8 1 . "  — p e r c e n t a g e  o f  a m p l i tu d e  e l b o w / w r i s t  (in)
82. Median n e r v e  -  m o to r  c o n d u c t io n  v e l o c i t y  (m e t r e s / s e c o n d )
83 . "  -  a m p l i tu d e  e lb o w  ( m i l l i v o l t s )
fVt. "  -  a m p l i tu d e  w r i s t  ( m i l l i v o l t s )
8 5 . "  -  p e r c e n t a g e  o f  a m p l i tu d e  e l b o w / w r i s t  (9 i)
Tremor
V a r i a b l e s  N r .  86- l V )  r e p r e s e n t  th e  mean power f o r  p o s t u r a l  t r e m o r .
The spectrum  o f  f r e q u e n c y  i s  0 . 5 - 3 “  H e r t z  and th e  mean v a l u e  o f  power 
was ta k e n  f o r  each  s t e p  o f  f r e q u e n c y  o f  0 *5  H e r t z ,  i . e .
V a r i a b l e  66 = 0 .0 5  Hz ........................................ V a r i a b l e  149 = 31 > .-32  Hz.
V a r i a b l e s  N r s . 15 0 -2 13  r e p r e s e n t  th e  mean power f o r  i n t e n t i o n a l  t r e m o r  i . e .  
V a r i a b l e  N r . l 5 0  — 0 .0 5  i i z . . . . . . . . . . . . . .  . V .u ' ia b le  N r . — LJ = 3 1 ^ .— 3— *lz.
V a r i a b l e s  N r s . 214-277 r e p r e s e n t  t h e  mean power f o r  b a la n c e  boa rd  
t r em or  when t h e  e yes  a r e  open i . e *
V a r i a b l e  N r . 2 l 4  = 0 .0 5  H z .................................V a r i a b l e  No. 277 = 3 1 .5 -3 2  . l z .
V a r i a b l e s  N r s .  S7&-51 i l  r e p r e s e n t  th e  moan power f o r  b a la n c e  board  
t r em o r  when t i l e  e yes  a r e  shut i . e .
V a r i a b l e  N r .  273  «  0 .0 5  H a ...............................V a r i a b l e  N r . 3 4 i  = 3 1 5 . -3 2  d z .
Al'i’ivXDIX 2 - Table of expected sign of correlation coefficients.
Performance tests Age Length of employment 1)1 oo<l lead Urinary lead ALA All nerve conductor, 
velocity parameters
Adding test - time ♦ 4 ♦ ♦ 4 -
- errors 
Tapping double
♦ ♦ 4 4 4
plates 60" latches - - - “ “ 4
bridge hits
Tapping single plate 60"
♦ ♦ + 4 4
Nr. of taps - - - “ • 4
Grip strength - - - “ • 4
Endurance - - - “ 4
One-hole Nr.of pins - - - “ • 4
Grasp ♦ ♦ 4 4 4 ~
Positioning ♦ 4 4 4 4
Reaction time arm 4 4 4 4 4 “
Maximum slope arm - - - 4
Frequency arm - - - • ” 4
Reaction time leg ♦ ♦ ♦ 4 4
Maximum slope l e g - - - “ * 4
Frequency leg “ - • “ 4
R eac t ion  time v i s u a l - 4 4 4 4 “
Maximum s lop e  v i s u a l - - “ 4
Frequency v i su a l - - - * 4
survi'y nr woK'.-i-.r.s exposed to read
D3 te (time of survey) .............................
Survey Ho ................................ .
Survey conducted by ...........................
Section I; Personal history
1. Surname (Block letters) .......................
Forename ......................................
2. Age (in years) ...................... ;........
Section II; Occupational history
1. Present occupation ............................
2. Department ...... .'............. ........... .
3. Shift (present) ...............................
What time does it start ....................
A. Years spent in present job ....................
5 . Any previous work with lead? (State duration and specify)
Section Til: Korvoiis disturbances 
Has there been any change in your temper in the last six month? ......  ...
a) If yes, do you quarrel more? . ......  ...
b) If yes, where:
- at work?    ...
- at home? ....... ...
Have there been any difficulties in getting to sleep in the
last six month?   •••
If yes:
a) What time do you go to bed? .......................... ...................
b) On average does it take you 1/4, 1/2, 1/3, 1 hour or more to get to 
sleep?
c) When do you wake up? ....... .............................................
Do you suffer from heiidache in the last six month? ....... «•
If yes:
a) in the morning? . ......  •*
b) at the end of the day?   ••
c) during the x.’eek?   *'
d) at weekends? • ......  **
e) how do you define it: dull? .......
throbbing?
V I'S  Kp
4. In the last six month, have you had: vertigo? ....... ...
unsteadiness? ..... . ...
(muzineos)
If yes, when? ............................. ..................................
Section IV: Disturbances of extremities
1. Do you feel numbness in the last six month?
If yes:
- is it constant?
. - does it appear sometimes?
2. In the last six month have you had difficulties in:
’ running?
walking? 
lifting objects? 
grip strength?
If yes, when? .......................................... .
3. Do you feel cold in the hands or feet v;hen others do not, 
especially in the last six month?
4. Bo you suffer from cramps in the legs:
at night ? 
by day?
If yes, for how long? ..................
5. Tremor (to be observed by surveyor) ....
YES KO
Section V. Disturb ccs of t’i' ostive tract.
1. In the last six month have you lost or. weight?
2. In the last six month have you suffered from:
- diarrhoea
constipation
nausea
vomiting 
abdominal pain
3. Have you noticed, in the last six month, any charge in 
your appetite?
If yes, describe: ...................................
Seti: toil \'T . _ Di  g Lu : ! ; : r:r  < • • o r  c v
YE S  NO
1. Has your vision become blurred in the last six month?
2. Have you noticed any other defect in your sight in 
the last six month?
If ye3, describe:
Section VIT. Smoking
1. Do you smoke now?
2. Please, give details of present smoking habits:
- manufactured cigarettes n c / d a y ? 
' - hand-rolled cigarettes oz/v;eek?
- pipe tobacco oz/week?
- ‘ cigars no/day?
3. At what age did you start smoking? ...........
4. Have you given up smoking?
5. How long ago did you give up smoking cigarettes?
S e c t i o n  V I T I .  D r in k in g
YES NO
1, Do you ever take an alcoholic drihk?
VJhat i s  your u s u a l  drink?2.
Beer?
Spirits?
Wine?
Fortified wine?
3. During the past week what quantity have you consumed?
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AI V.MjIX T> ~ Tab !«■ ■ 111 owing results oi j 11 d>I i .‘.hod similes from which a comparison
£»>•11 •! he made w i th  t.hr ore.ent work 111 te rn s o f hi oche* i ri'1 t e u t s . a g e .
1ennth o f employment, "e ig h t  and hr i nht
Aw thorn Testa  perform''«! No. o f  su b je c ts Age Neigh t lie ig lit Length o f 
employment 
yea rs 
ch ron ic
iilnrnJ
lead
ug.Jl
U r in a ry
lead
u g ./ l.
ALA
mg./I
Sen«« U96J) N .C .V . 20
K u lle r t o n  ami
Harri.son (1 969a) N.C.V. 19 5-13 > 8 0
l*iil 1 e r ton ( 1969b) N.C.V. r 5-13 >d0
Cotton  et ul (1970) N.C.V. 19 19-,i,i l-l '■0-Ä 20
Jeppn la inen  (1972) N.C.V. 39 UW»? 2 . 5 -2 2 6(r?i’,0
¿leppa la incn (1975) N.C.V. 2.6 ■ *.3-50 1-17 28 -65 7.6
N osta fa  (1979) N.C.V. CO 26-55 1-36 21-76 50-163
V a s ile e c u  (1973) N.C.V. 50 A 1.3 C hron ic 2 7 - U >0 611-1875
IJoothby ( \ () 7 l *) N.C.V. 1 55 30 6o-flo > 150 6 -20
Hrpko c t  a l ( 1 9 7 6 ) ivrform unce 316 18 -66 105-C70 6o~76 1-29 < 39->lco 6-1267
pounds inches
Iegend :  N.C.V. ■ Nerve conduction velocity
X * Ì X
■ U’PEi.U lX  6 -  T a b ! a s h o w i n g  m »ans anil  s t a n d a r d  d e v i a t i o n s  o f  a p e ,  w e i g h t  
h e i g h t  nm l » e r f o r n i n c i *  i n  T . I J . C .  I n s t i t u t e  o f  O c c u p a t i o n a l  H e a l t h  
p i l o t  s u b j e c t s  a m i  o f f i c e  c o n t r o l-3 i n  f a c t o r y  I
12 P i l o t  s u b j e c t s  49 O f f i c e  c o n t r o l s
V a r i a b l e mean SB mean SD
Age 3 5 -7 13 .0 3 « . 2 9 .7
W e igh t 7 2 .5 4 .7 74 .9 8.0
H e ig h t 1 7 4 .2 3 .9 176.0 6 .4
Add ing  t e s t  
t im e 14 .1 6 .2 14.7 5.1
e r r o r s 4 .0 3 .0 4 .4 3 .2
T ap p in g  d ou b le  
p l a t e s  6o" 
l a t c h e s 1 3 0 . 7 14.2 133.9 17.5
B r id g e  h i t s 8 .9 7 .3 9 .9 9 .2
T ap p in g  s i n g l e  
p l a t e  Go"
N o . o f  t a p s 3 4 8 .8 2 5 .2 357.6 28.1
G r ip  s t r e n g t h 5 4 .5 8.0 58.1 9 .0
Endurance 2 8 .9 7 .2 30 .7 14.5
O n e -h o le  t e s t
p in s •.9 0 .6 35 • 3 294.1 36 .2
g ra s p 59 .1 24 .3 6 0 .7 22 .2
p o s i t i o n i n g 83-3 7-2 88.6 10.5
HT arm 122 .5 2 5 .2 12 7 .2 26 .9
M3 arm 6 .2 1 .5 6 .7 1 . 6
Frequ en cy  arm 3 .4 0.8 3.4 0 .6
!<T l e g 1 4 2 .7 3 0.1 149.4 34.3
MS l e g 6 .8 1.2 7.1 1 .4
F requ en cy  l e g 3 .3 0 .5 3 .4 0 .6
HT v i s u a l 133 .6 15.3 137.3 22.0
MS v i s u a l 6 .8 1.5 7.0 1.4
F requency
v i s u a l 3 .4 0 .3 3 .2 0 .6
